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ABSTRACT 

A program was conducted to determine the technical and economic feasibility 

of a high altitude blast generation system using detonable gases contained in 

balloons. The purpose of this system would be to produce a blast and shock 

environment at altitudes of up To 100,000 feet for in-flight missile and aircraft 

vulnerability testing and for atmoapheric nuclear blMt detection studies. 

This report describes the resalts of this program in two parts: Part I 

(bound separately) describes the theoretical and experimental work; Part II 

describes a preliminary design and economic study of the hardware required for 

the system. Both Parts I and II were conducted simultaneously. 

For Part I, computer codes were developed to predict the detonation 

properties and resultant shock wave-air interaction phenomena at low ambient 

pressure and temperatures. An experimental program was then conducted which 

verified the theoretical predictions by detonating 5 and 10 foot diameter 

balloons filled with either methane-oxygen or hydrogen-oxygen mixtures at 

simulated altitudes up to 100,000 feet (low temperatures were not simulated). 

For Part II, attention was given to the balloon design, the gas handling 

system, the launch and handling equipment, the effects instrumentation and 

flight control, the instrumentation recovery system and possible test sites 

required to physically implement this blast and shock generation technique. 

Cost estimates to field a single test ranged from $191^60 for a one ton 

explosive yield equivalent at 50,000 feet to $317,200 for a twenty ton yield 

at ^0,000 feet. Costs for subsequent tests would be reduced since most of the 

equipment would be reusable. The White Sands Missile Range, New Mexico is 

recommended as being the best suited to support and conduct all proposed tests. 
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SECTION 1 

81M1ARY All!) COfKJLUSIONG 

The General American Research Division iias developed a blast generation 

and shock simulation technique, using the spherical detonation of a combustible 

gas mixture initially contained in a balloon (MSA 1792-1). 

The part or the program reported herein describes the results of a pre- 

liminary design and economic study of a High Altitude Blast Generation System. 

The High Altitude Blast Generation System makes use ol the fact that certain 

combinations of detonable gas mixtures are buoyant. Therefore, an inherent 

advantage to the system is that the detonating medium is also the lifting medium. 

Several system flight configurations were investigated in detail during 

the program. Two of these systems separate the fuel fron the oxygen during 

filling and launching by either a ballonet or tande.n balloon technique. The 

other systems allow the gases to be mixed during the filling and launching 

operations. Aitho.^h all of the systems are considered feasible with each 

having its advantages and disadvantages, the system recommended by GARD is 

a natural shaped balloon system. This system mixes the pas during filling. 

Jpon release it lifts an instrumentation train consisting of a packed recovery 

parachute attached to an instrumentation package. The instrumentation package 

would contain the necessary components to support the blast effects pressure 

sensors in the train and the command and control requirements of the system. 

This report recommends that the instrumentation equipment be comprised of 

available off-the-shelf, IRIC compatible hardware with the exception of the 

flight programmer which would have to be developed for each mission. The 

recommended gas loading system is of the same proven type presently being 

used on the Simulating Large Rxplssive Detonable Gas Experiments (SLEDGE). 

The suggested handling and launching scheme is an AFCRL developed system. 

Two test sites recommended are: White Sands Missile Range, New Mexico 

for initial system development and Kwajalein Test Site for a fully operational 

system. 



An economic- study of tdch ompor.ent in the Hi^.n Altitude Blast u«;neration 

.-Jyütetn has revealed the balloon as the major item of (./.penae. Ottier' major' 

items of expense secondary to the balloon are:  tno instrumentation system, 

test site suppor», and labor.  Because of 'he many variables and combinations 

involved, d specific coat s immary btCOMI difficult to est.imate. However, 

by selecting the alternate schemes or systems of interest an irnmedlat« cost 

summary may be obtair.ed at tlM end of eacn system discussion, ^o that some: 

oi'der of magnitude may be established, Table 1.1 represents the potential 

range of costs per event.  Tne maximum total reflects the largest yield 

(20 tons) at the higne?t altitude (50,000 ft') using a stainless steel gas 

loading system, and a primary and backup irstrumentation system.  The minim im 

total includes tne loweöt yield (l tor' at tne same altitude ($0,000 ft) 

using a low carcon steel gas loading sy^em and a minimum amount of Instru- 

mentation. 



TABLE 1.1 

PROBABLE RANGE OF HIGH ALTITUDE SLEDGE FIRST DIRECT COSTS 

Minimum Cost 
(l ton, 50K ft.) 

Maximum Cost 
(20 tons, 50K ft.) 

Balloon 

Launching and Handling Equipment 

Gas Loading Equipment 

Gas (Methane-Oxygen) 

(Hyd rogen-Oxygen) 

Instrumentation and Flight Control 

Recovery 

Test Site - (White Sands Missile Range) 

Logistics 

Labor 

50,000 $ 70,000 

$ 10,000 (Maximum) 

6,000 43,000 

11,200 

1,1*60 

58,000 67,000 

1,000 6,000 

30,000 (Average) 

5,000 10,000 

10.000 70,000 

TOTAL f. 191,^60 $317,200 

In conclusion, the development of a high altitude "blast generation system 

appears feasible from both a technical and economic standpoint. The mobility 

and versatility of the suggested system allows many areas of practical application. 

• 



SKCTTOK 2 

IggIGg AND ECONOMIC ?TlTDY 

The overall objective of the s+aiy -^as to furnish sufficie./   technical  and 

economic da^a to permit   a krowieigeable decision regarding the overall  practicality 

cf a high al+it^de blast generation  system using SLBXU.    The objective was 

fulfilled by conducting a concept ial  design and economic study to determine the 

hardware requirements and cof^s of a hign altitude blast  generation system.    This 

study Included the concept ^ai   aeslgn of the balloon,  aijd associate hardwar-- 

equipment .    Possible tes"1"   sites were surveyei to determine practical  locations 

for conducting the full  scale tests 

2,1    Balloon and Associated Equipment 

The conceptual design and e.ro'-iOmic  study of the balloon and associated 

equipment   is described below  in  tive basic groups:    balloon system,  handling 

and launcning eq.dpmerjt ,  ga-   loading «y^tera,   instrumentation and flight  cont r  i, 

and recovery system. 

2 1.1    Balloon 

A qualitative s" ^dy  into •••he requirements of the balloon  for a high altitude 

blast  generation sys'em  using SLEXF nas revealed unique problems for this 

application      First, tne quantity of gases  for a particular flight  are determined 

by the desired explosive yield      This In turn establishes the gross  lift  avail- 

able      (See Figure 2.1)    This  ib somewnat  contrary to normal balloon flights 

where the quantity of gas  is  determined by the operational  lift   requirements. 

Second,  the desired explosive yield along with a selected altitjde establishes 

the balloon diameter required to contain the gases.     (See Flgjres 2.2,  2.3)    The 

concept  here Is »o provide as small  a balloon as possible.    The gas  balloon will 

be detonated either as It  passes •fnrr^h the design altitude or after it has 

established an equilibrium or "floaMng" alMtjde as is done In normal balloon 

flignts.    Although venting tr.e ga.-es wo>ld red ice tne effective yield,   injecting 

more gas during the filling operation would compensate for this effect  should 

the need arise.    Finally,  by knowing Tne altitude,  explosive yield (gross  lift) 

and balloon weight   (based on diame'er and material weight «^ .OJ.5 lbs/ft'"), 



the maximum payioad may be determined.  (See Figures 2.h,  2.*).)    Practical 

limits placed by the state of art in balloon operations for Jarre balloons, 

maximum lift on billoor. materials, or.d minimum pay/oad Mights I I   own on 

the figures. 

Other than that m ntloned above, the requirements of a detonable gas 

balloon are similar to the ordinary balloon used in conventional balloon flights. 

A balloon is most vulnerable to the sailing effects of the wind acting upon the 

undeployed material, especially during initial launch phase. For this reason a 

taut balloon concept provides the most reliable launch technique. With gaseous 

detonations near ground level, the concept used to date has been to rapidly 

fill a balloon with air into which a ballonet has been incorporated until the 

final spherical shape is achieved. The detonable mixture is then injected on 

one side of the ballonet while the air is vented from the other side. (See 

Figure ?.6A;  A slight internal balloon super pressure is maintained, during 

this process. This keeps the external balloon structure taut. This concept, 

with modifications, has possible application to high altitude SLEDGE. A larger, 

horizontal ballonet balloon would be rapidly filled with air as before but 

only the sea level volume of detonable gas would be Injected. Without any 

undeployed material to be affected by the wind, the balloon, already in its 

final spherical shape, wo Id be less susceptible to damage during launch. As 

the balloon rose to altitude, the gas would gradually expand and assume a pro- 

gressively larger share of the total (constant) volume. On the other side of 

the ballonet, the air would be continuously vented. Relief valves, to control 

the venting of the air, would be constructed so as to maintain a slight over- 

pressure in the calloon, thereby injuring a taut external geometry. The con- 

cept described thus far appears feasible for balloon sizes up to 200 ft. in 

diameter and altitudes up to 35,000 feet. 

Another technique applicable for balloons over 200 feet in diameter and 

altitudes in excest of 35.OOO ft., would be a tandem or "bar-bell" balloon 

concept. (See Figure 2.6E)  The basic configuration would be a spherical 

balloon reefed in the middle with gas pockets at each end. These gas pockets 

would be Just large enough to accommodate the sea level volume of fuel gas in 

one end and oxygen in the other. As the system ascended to altitude, the gases 



wouid expand inflating the additional material contained in the reefed section 

until a spnerical shape was assumed.  The reefing would have to be designed to 

deliver only enough additional material so that a slight overpressure was main- 

tained in the balloon ends.  The use of the tandem balloon concept is predicated 

on the assumption that the fuel and oxygen gas will mix during the ascent Of the 

balloon. The gas mixing process would have to produce a homogeneous mixture lefore 

a dctr-iation at altitude is assjred  An experimental program was conducted to 

determine the mechanism for mixing m the tandem balloon concept.  (See Part I, 

oound separately, of this report ) Tne only methou, experimentally, that pro- 

duced detonation was to al^ow th<3 gases sufficient t.-me for mixing. The nominal 

mixing time required to produce a detonation in the model balloon would scale 

approximately to 6000 minutes for the actual case. 

The advantages of the balionet-balloon concept are as follows:  it has 

previousij oeen -ised so that an experience factor may be applied to its develop- 

ment; tne system employs the taut balloon concept throughout the entire flight 

to guard against the destructive forces of the winds: the balloon would be most 

suitable for lou altitude i free or tetnered) «applications. Some disadvantages 

are: large balloons would present handling problems; the ballonet may add an 

excessive weight penalty as progressively higher altitudes are considered. 

Advantages of the ''bar-bell" balloon concept are: it is most suitable for high 

altitude applications; the separation of gases provides a safety factor during 

the laanch phase; this system affords a simplicity in design. The disadvantages 

are: the gas mixing time is ex.essive; and the minimum altitude restriction is 

approximately 35,000 ft. The minim im altitude of approximately 3%000 ft was 

arrived at by comparing the volume of a given diameter balloon with the volume 

of a minimum reefed balloon. The ratio of these volumes is found to be approx- 

imately l/u. This indicates the volumetric expansion of the gases,due to a 

decrease in ambient pressure, would have tc ce equal to, or greater than, a 

factor of fc^r. If the vclame of the gases at altitude were, for example, three 

times as much as the volume of gases at sea level there would be insufficient 

volumes to contain tht. gases initially and still provide a reefed balloon. 

Therefore, because pressure and volume are inversely proportional, the altitude 

where the pressure ratio is i/k or  0.^5 Is 33,000 ft. (or for nonspherical balloon 

ends approximately 35,000 ft.) 

A modification to the bailonet-balloon concept, was also considered. This 

modified concept, like, tne "bar-bell" balloon concept, would improve the safety 

of handling by keeping the oxygen and fuii  gas separated from each other during 



launching, and initial ascent. Tnis concept would require a secondary partition, 

whach would üH  ruptured at a predeterminfed altitude.  (See Figure 2.6C) The 

balloon configuration would be similar to the balionet-balloon concept, i.e., 

a spnencal balloon with a horizontal bailonet attached at the diametral plane. 

In this case however, an additional or secondary bailonet would be included on 

the detonable gas side. This secondary bailonet would contain the fuel or 

buoyant gas at the upper most part of the balloon so the lifting forces would 

act along the vertical center line of the system. By necessity, the material 

rupture strength of the secondary bailonet would be much lower than that of the 

parent balloon. The opera'ional sequence would be to rapidly fill the air side 

of the balloon to establish a taut shape. The sea-level volume of oxygen would 

'hen be injected between the main and secondary bailonet while air would be 

vented to maintain the same total volume. Finally the sea-level volume of fuel/ 

buoyant gas would be loadea into 'he chamber created by the secondary bailonet. 

As the system ascends to altitude, the fuel gas would gradually expand to consume 

the entire secondary bailonet chamber.  The altitude at which the rupture occurred 

would depend upon the material strength of the secondary bailonet and the ratio 

of the chamber volume to the sea-level volume of fuel gas.  Because the volume 

of the secondary bailonet chamber (approximately equal to the sea-level volume 

of gas) is relatively small as compared to the total system, the secondary 

partition need not contribute mucn weight. However, as in the "bar-bell" balloon 

concept, the process of mixing of the two gases must be completed before the time 

of intended detonation. Whether a sufficient period would exist to produce a 

homogeneous mixture is unKrowr. for this third concept. 

A fourth concept was consia«-.red as an alternative to the balionet-balloon 

concept for low altitudes.  This oncept consists of a basic balloon with no 

reefing or bailonet. There art significant advantages to this concept from the 

standpoint of balloon fabrication, reliability and coat as well as in simplifi- 

cation of the inflation equipment and procedures. Primarily, however, there is 

the simplicity of fabrication in comparison to the. bailonet balloon. Without a 

bailonet and air cnamb^r, there are a minimum number of appendices, with no 

requirement for air relief safety /alves, air inflation tubes and air inflation 

ground support equipment. This inherently provides ä simpler, more reliable, 

and less costly balloon. 

The disadvantages of this concept over the balionet-balloon concept is that the 

balloon does not become taut until the detonation alti'ude is reached. The time that 

the balloon is not ta a during ground inflation may be reduced by increasing the 

transfer rate of tne gaaes over that used daring Operation DISTANT PLAIN (DASA 19^5). 



In conclusion, Of t,ne four techmqaes presented above, the fourth appears 

best suited to tne nign alti*.-ide SLELJE because of its simplicity a:.J past 

pe.rt'Oiinance.  The costs for t*"ie four types of balloons are presented in Figure 

2.7 based on tne present state-of-tne-art Lfl balloon materials and ronstruction 

methods.  These costs were obtained from a balloon manufacturer, on a preliminary 

budgetary basis only. 

k". 1.2 Handling and Lair t.inc  Kquipment 

It is recognized that lifftrtnl t.ar.dling and laanchlng techniques are required 

for the ballonet balloon and the tar dem or "bar-bell" balloon. The handling and 

launching eqaipmer.t required for a ballonet balloon tias been ander dev«-.Jopmer.t for 

Project SLEDGE (DA-U9.lub-XZ-UOO). For application on the high altitude SLEDGE, 

tne ballonet balloon would be released from tne gas filling pipes after being 

filled and reeled out to ar altitide ( ~200 feet) which would permit the deployment 

of the instrumentation train below the balloon. After the instrumentation trau: 

is properly deployed, the balloon is released and allowed to ascend in free flight 

on its mission. Much of the development work on this deployment technique has 

already been reported ir. previous SLEDGE reports and will not be repeated here. 

Little, if any, experience i.-, available on handling and launching letonable- 

gas-filled tandem or ""oar-bell" balloons. Since this concept has much promise 

for blast and shock applications above altitudes of 35,000 feet, the major effort 

of this program was directed to conceptualizing a technique for handling and 

launching this balloon.. 

This section describes a primary and alternate scheme for both local and 

remote handling and launching of a tandem or "bar-bell" balloon. The underlying 

feature of both schemes is tnat both provide a degree of freedom in azimuthai 

positioning of the instrumentation payload train and balloon in line with the 

prevailing launch area sarface-winds. The primary scheme differs from the 

alternate in that It does not employ tether lines attached to load patcr.es on 

the buoyant fuel ceil, wnereas the alternate scheme does. The only fixed 

component of equipment is Tne oxygen filling system wni^h is placed beneath 

ground level. The oxygen filler port at ground level is the azimuth pivot point 

for' rotating the entire array of equipment to line up with the prevailing surface 

winds. All otner associated lamching, tethering, and winching equipment are 

truck mounted.  This allows the necessary mobility to take up varying azimuthai 

stations using the oxygen filler port as the pivot point, reasons for aligning 

the payload tram parallel 60 the surface wind vector are to minimize balloon away 



after a state of tuoyancy  U  afained xtis preventing the payload train from 
aragging on the ground daring Intial  ascent 

Launch control operations In the primary ar,d alternate laanch schemes for 

the "bar-bell" balloon are divided into two control  phases,  namely local and 

remote. 

The first   phase  Initiated at  the laanch site Is the local control  phase. 

This phase covers actlvitiee. related to the positioning of winch tracks,  balloon 

trailer bed,  and fuel-gas trailers      It   also covers the connecting of winch 

tether lines.   Instramenta*ion/recovery system payload lines,  and remote operating 

systems check-oat,   pi a?   Inflation of the buoyant  fuel gas pocket of the tandem 

balloon.    Completion of the baoyant   fael gas-pocket  inflation marks the end 

event of local control handling activities.    All personnel are to be removed 

from the laonch area at  this  point to a physically safe distance. 

The second phase is the remote control  phase.     It   Is  initiated at the start 

of the oxygen filling operation.    During the oxygen filling,  all tether-line 

winch tenslonlng is remotely controlled to keep the inflated baoyant  fuel gas 

babble in position directly above the oxygen filler port as much as  possible. 

Upon completion of the oxygen  filling operation, the oxygen inflation valve 

closes off any reverse flow  Into the filler    port thereby sealing the gas  pocket. 

The next  operation is the remote disengagement  of the balloon from the oxygen 

filler port.    This event  now places the balloon under full tethering control of 

the winch operators      Tr.e remote winching operation is activated so a1: to allow 

the balloon to rise and traverse the distance (under captivity)  from the oxygen 

filler port  area to a position vertically above Winch Truck No, 2 as illustrated 

in Figare 2.8      The wincnes on Tr^ck Nos.   1  and 2 are then regulated so that the 

vertical  position of the balloon above Tr^ck No.   2 Is maintained while paying 

oat   an amount of line from Truck No.   2.    This  Is done to make certain that the 

now vertically aligned payload will clear all  obstructions when final lift-off 

takes place.    The rex*   procedure Is to take the final  lift-off reading from a 



load cell (tensiometer) situated :r. tr.e payload tram below the intramentation 

package. Tne final procedure remains to excite tetber-line cutters thereby free- 

ing the balloon for free flight asce; t to altitude. 

2.1.2.1 Primary Laur:-V Technique 

Tie  primary laur.cr. plan shown in Figure 2.9 incorporates a system similar 

to tr.e AFCRL balloon deployment roller mechanism. The deplryment mechanism and the 

packaged talloon are mounted on a flat-bed trailer as shown. Pre-packaging of the 

balloon is such that the lower portion with the oxygen fill ring attached, can be 

removed from the calloo;; tox and draped ever the side of the trailer and connected 

to the oxygen f111 port. 

The payload which includes the instramentation pacKage, the recover 

parachute, and the instrumentation line is laid on the ground to its full length 

and is aligned parallel to the average direction of the prevailing surface winds. 

Tether lines from two track mounted winches are then fastened into 

position; one being directly connected to the triangula. plate, and the other to 

the instramentation-package Läse connection point.  The opposite end of the 

instrumentation line is also connected to the triangular plate. Finally, the 

triangular plate is connected to a semi-circular swivel which is attached to the 

oxygen fill inflation valve at the south polar cap of the balloon. When all 

tether and payload line connections have been accomplished, line slack can he 

taken up by the winches and buoyant fuel gas filling can be initiated 

The buoyant-fuel-gas pocket is deployed through the rollers, under local 

control operation to a point where the two filler ducts can be connected to the 

fuel gas trailers. During the fuel gas filling operation, adequate protective 

clothing will be worn by all personnel near the balloon and fuel gas lines. At 

this point, the fuei gas is U.en transferred from the trailers into the fiel gas 

balloon pocket. It should te noted that the resultant left can be tailored during 

fuel filling by tne proper cnoice of gas constituents as described in Section 2.3, 

Part It The balloon material is then gradually deployed through the rollers until 

t^e required volume of buoyant fuel gas has been transferred into the gas bubble. 

The filler ducts are ther tied off and tape sealed to pr ent leakage. Subsequent 

to filler duct sealing, the balance of tne reefed balloon section and the uninflatei 

oxygen pocket are then par^ej through the rollers. The rollers are released wher; 

the filial portion of '-.he talloon is deployed tr rough them, thus allowing the 

inflated fuel ga? bubble, the reefed -..ection, and uninflated oxygen pocket to stani 
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e-.rect  over the oxygen filling port.  This event essentially marks the end of local 

hör.dling operations whereupon all personnel and nonessential equipment, are ovacuated 

from tne immediate launch area. 

Commerioement of the remote control operation begins with the oxygen gas filling. 

After tne oxygen fill is completed, the balloon is remoteiy released from the pipe 

filling port.  Ihil allows the balloor. to rise slightly bringing the connected lines 

jnder tensior. in restraining the net buoyant lift force of the fuel gas bubble 

(Figjre 2*6}<  The winch or Druck No. 1 is then remotely activated, gradually paying 

out line causing the balloor. and payload section to rise from its ground orientation 

until the entire oalloor./payload system is vertically tethered over Winch Truck No.2. 

At this point tne tether line from Winch Truck No, 1 is released from the balloon by 

a line cutter.  Iruck #1 affords mobility to the system and the winch on truck #1 

allows the entire system tc be. raised to a sufficient height so that upon final 

release the payload will not contact the ground. With this arrangement the wind ma ■ 

blOM in either parallel dlrtCtiOOi 

Vith the balloon/payload system standing erect over Winch Truck No.2, a net 

lift force reading is taken from an in-line tensiometer. After the lift force read- 

ing is avqiired a line Jtter sitiation abcve the tensiometer and below the instru- 

ment atior. package is fired, thereby freeing the balloon for free flight ascent to 

altitude. 

2.1.2.2 alternate Lajrcn Technique 

The alterr.aV la inch plan shown in Figure 2.10A makes use of two tether 

lines attached to a number1 of load patches on the fuel-gas bubble of the balloon. 

Tne:.^. lines, are ised in place of the balloon deployment roller mechanism to control 

tne buoyant fuel bubble deployment. Launch vehicles required for this plan are two 

winch trucks, and a flat-oed trailer to transyorf and act as a deployment platform 

for 'he balloon. Figure 2*1QA slows the launch control vehicles, pnyload train, 

flat-bed balloon trailer, and gas trailers positioned normal to the average surface 

wird direction. Tr,e flat-bed -railer is positioned with the tail-gate Just off the 

0 f i r 1 pof, and wiruh trucks al ea h side. Pre-packaging of the balloon would be 

similar to mat used ir the primary t-echnique. Tnis method of packing should allow 

ac-ess to the oxygen fill ring tl tne south polar cap of the balloon on one end of 

the box and to the north polar1 ap and filler ducts of the fuel-gas pocket at the 

other end of the DOX. The appropriate connections may then be made to their re- 

spective gas sources. Both tether lines are then connected to load patch connection 

points on the fuel-gas bubble and fuel-gas loading commences. As the fuel-gas bubble 

U 
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becomes buoyant it is allowed to deploy from the box paying out tether line as it 

rises. As in the previously described system, the boayant lift force i":an be controlled 

by tailoring the fuel gases, i.e., a fuel gas with a higher molecular weight can be 

introduced to reduce the lift force. When the required volume of fuel gas has been 

injected into the balloon the filler ducts are tied off, disconnected from the gas 

source, and taped seaJed as shown in Figure 2.11<  The winch trucks are gradually 

moved until they positior. the balloon over the oxygen fill purt. The tether lines 

are then winched o^t gradually, allowing the bai.oon to assume a vertical posture 

over the oxygen fill port. When the tether lines develop slack, the net lift force 

is restrained by the oxygen fill port, as shown in Figure 2.10. At this point the 

tether lines are disconnected from the fuel gas bubble freeing the winch trucks to 

take up new functions. Winch Truck No. 1 is connected to the triangular load plate 

and Winch Truck No. £ is driver down tc the far end of the pay.oad train where it is 

connected.  Truck #1 affords mobility and the winch on truck #1 allows the entire 

system to be raised to a sufficient height so that upon final release the payload 

will not contact the ground. With this arrangement, the wind may blow in either 

parallel direction.  Tr.e top end of the payload train is connected to its appro- 

priate point on the triangular load plate with the load plate attached to the semi- 

circular swivel connection as described in the primary technique.  Local control 

handling operations are completed at this point providing that all remote winch 

control function have been checked out. Fuel gas vehicles and personnel are 

evacuated from the immediate launch area and remote control operations can be 

initiated. 

The remote control operation is similar to that described in the primary 

launch technique,  The equipment arrangement shown in Figure 2.8 is applicable to 

both primary and alternate launch techniques and shows the balloon being remotely 

winched from the oxygen fill pert area. 

2.1.2.3 AFCRI Launch System 

Another launch technique developed by AFCRL is shown schematically in 

Figure 2.11.  The four basic steps involved in the launch procedure are l) babble 

layout and fuel gas fill, 2) oxygen inflation, 3) final release and '*) payload 

deployment. The advantages of this system are l) it requires a minimal launch 

area due to the payload deployment system 2) it is independent of wind direction. 

The only potential disadvantage of the system is it has a more complex payload 

deployment system. 
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^.1..' <♦    Mn>r l>iitr-.'   'it.:    ftr.ilnr Ei.  irv-i.t   DeS'-ri ptj an 

Tin- winch truck« ■. General Vigors r^rp^rati on, Chevrolet  i Ton Model 

3100jj  tiave a wheelbaae  af 133 inches, an overall  length of i?13-l/'* inches and 

a truck platform uojy v feet long,     jrost* vehicle weight rating is 10,000 Its. 

with Jual rear wheels.    The platform boJy is large enough to an'omodate  the 

eleftri'' hoist, and the coobineJ weights of the truck and hoist are adequate to 

rr.irhin forces imposeJ during launch operations. 

The selected hoist.? •'beeoe F-ros., S. attle, Washington, MoJel llo. 6000 

B«;0) have a line «peed  of ^0 feet per minute 'greater winch speeds are available if 

•   • ••   ■■■■..    .   ■ . s • ■    ■■■.]■.■•_.,■■. h   ;■• •■    ■• [ ■     •_ ••} ! r-  ..'r;'l• < ly   ■ 7';   feet 

of l/t men diameter nylon rope.    Tr.ey have disi* type magnetic brakes integral with 

electrically reversible motors      The motor« are remotely operated with push-button 

controls, and the magnetic brakes are normally engaged when the motor is switched off. 

The nylon rope selected 11 l/i inch diameter,  nonkinking, and  has a safe 

workir.g  load z' UJOO lb«.    At 1200 1'J«, tne factor of safety is 5 to 1  for this rope, 

:<yiori 1« exceptionally desirable because of it« energy absorption and Its shock 

loaiM.»-   •: ara tenstie«. 

The jynam-»mitcr     McMa.'ter Carr, Chicago, Illinois^ selected is normally 

used to determine strengtr.« of chain« and cable«.    The capacity of the dynamometer 

is from 0 • 50C lb*,  in 5 lo.    division» and 1« used for determining net  lift prior 

to releasing balloon and payload in the launching operation. 

4.1 ti  5     Laun'-:    E^ .. { r.s : t 

Required 
item :'     -rift. :.i. Quant 1 ty Cost 

1 1 Tor. :hevrolet FlafBeJ Trjck                            4 $ i*,868 

2 Power Wlnct;  • Beebe                                                    «? ^,7^0 

3 Nylon Rope 1/4 in. dxa.                                    1200 ft. 33^ 

«* Rjp*1 (lamps                                                                l8 ^8 

5 Dynamometer I 225 

6 Pyrotechnic Cutters 1* 17^ 

TTlt.l        $ 8,U00 
<f.l.3    ia* lortiitit: ^A' :tem- 

Trie gas loading systems transfer the gase« from the storage facilities  to 

their respective compartment« in the talloon      The gases  [oxygen and fuel gas) 

will be injected into the balloon separately to reduce the possibility  of a 

prrmature  Jetonation of the comDustible mixtures.    The procedure will be to load 
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the fuel gas first and to use the lift of the fuel gas to deploy the balloon from 

its shipping container. This will be a locally controlled operation with the launch 

crew in the immediate vicinity of the balloon. After the fuel gas loading 

operation is completed, the launch area will be evacuated of personnel and the 

oxygen then injected into the balloon by means of a remotely controlled system. The 

remaining launch operations would be remotely controlled. 

The design I f the gas handling system is dependent on the the size of tests 

that would be conducted. In the following discussion two representative cases 

will be considered  These are- 

1. 86.6 foot diameter balloon, hydrogen-oxygen mixture (0 /H = 0.75), 

detonated at altitude of 50,000 ft. (l ton) 

2. 196 foot diameter "balloon, methane-oxygen mixture (o /CH> = 1.5)) 

detonated at altitude of 50,000 ft. (20 tons). 

The volumes of gases required for each of these representative cases are: 

Volume of Oxygen, 
std. cu. ft. 

22,300 

362,400 

The technique used to inject the buoyant fuel gas into the balloon will 

essentially be the same as that used for conventional lift balloons. Flexible 

inflation ducts integral with the balloon will be used to transfer the fuel gas 

from the storage trailers to balloon. The upper polar duct would be used to 

initially inflate the gas bubble and to start the deployment of the balloon 

from the shipping container. After a small bubble has been formed and the balloon 

is deployed enough to expose the remaining inflation ducts, the polar duct may be 

disconnected from the gas supply units. The lateral ducts located lower down on 

the balloon are then connected to the fuel gas supply and the balance of the fuel 

gas is injected into the balloon. The number of inflation ducts used would depend 

on the desired inflation time for the test under consideration. 

Case No. Volume of Fuel  Gas, 
std.   cu.   ft. 

1 29,700 

2 2^1,600 

2.1.3.1 Fuel Gas Loading System 

Ik 



In all of the cases considered in this discussion the fuel gas would 

be delivered to the test site in a gaseous phase. Compressed-gas tube trailers 

with capacities up to approximateiy 112,000 SCF of hydrogen, 1U6,000 SCF of 

methane, or 149,000 SCF of oxygen are available for lease or purchase. For Case 

Ro. 2, two of these tube trailers would be used for delivery and storage of the 

methane at the test site. Tests requiring smaller quantities of gases would 

use tube trailers of correspondingly smaller capacity or in some instances both 

the fuel gas and oxygen could be transported with the same tube trailer (gases 

contained in separate cylinders ^nd not mixed). A high pressure hose and plastic 

diffuser is used to transfer the gases from the tube trailer to the flexible 

bali-oon imlation ducts 

During the fuel gas inflation stage of the launch operation, the fuel 

gas tube trailers would be positioned m the launch area.  (See Figure 2.9-) 

The tube trailers would be removed to safe position at the same time operating 

personnel are evacuated from the launch area.  In tests where the same tube 

trailer is used to transport both the At«! gas and the oxygen, the trailers 

would be positioned at the remote oxygen loading station after leaving the 

immediate launch area. 

The quantities of fuel gas injected into the balloons may be deter- 

mined by several methods. Static pressure and temperature in the gas storage 

units may be monitored to establish the amount of gas delivered to the balloon. 

Another method would be to measure and totalize the gas flow to balloon with one 

of several types of gas flow rate meters.  Gas flow rate meters which could be 
I 

used are orifice meters, positive displacement meters, or turbine meters. There 

are commercially available instruments that use the meter output signals to 

compute the flow ra^e and totalize the flow volume. Another method would be 

to measure the lift force acting on the balloon and determine the volume of gas 

In the balloon. 

2.1 3-2 Oxygen Loading System 

The oxygen will be loaded into the balloon by means of a remotely con- 

trolled system.  Because of safety consideration, the oxygen storage facilities 

will be located approximately L000 feet from the launch area. The oxygen will 
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be transferred fron the storage units to balloon by means of a steel pipeline. 

(see Figure 2.12.) The oxygen will be injected into the balloon through an 

inflation vu.ve located at the lower polar cap of the balloon. This valve will 

provide the interface between the balloon and the pipeline. The inflation valvt- 

must be capable cf being remotely actuated since the launch area is cleared of 

all perscnnel during the oxygen loading phase of the launch operation.  TJ; 

addition to clcsing the valve remotely, it must also be disconnected from the 

pipeline by a remote operation to permit launching of the balloon. 

A proposed Vdlve design is shown in Figure 2.13.  In this design, 

cartridge actuated devices are used to perform required functions. Cartridge 

actuated devices have the advantages of being reliable and requiring relaMvely 

small amounts of energy to activate them. The valve plates are held in the 

open position by means of the retaining fork. Both the valve plates and the 

retaining fork are spring loaded. To close the valve, the latch pin is activated 

which allows the retaining fork to retract and the valve plates are moved to 

the closed position by means of the spring force. The va.-ve is disconnected 

from the pipeline by activating the cutters which sever the bolts fastenir.g 

the valve to the pipeline. The valve assembly is mounted in the lower polar 

cap of the balloon by means of clamp rings. 

The design of the pipe system for the oxygen transfer was based on the 

gas quantities which would be handled in the test represented by ca^" .  In 

order to obtain reasonable filling times, large flow rates will be required. 

A flow rate of 200,000 SCF per hour would result in oxygen filling time of 

approximately 86 minutes for the volume of oxygen required in the test. Assum- 

ing isothermal steady flow and an available pressure head of 30 psi, it was 

determined that 6 inch, schedule U0 pipe would provide the desired flow rate. 

This size of pipe would be more than adequate for tests requiring smaller 

volumes of oxygen. 

The pipe system would ue fabricated from flanged pipe headers In stand- 

ard lengths. Two alternate pipe materials have been considered for the pipe system. 

These are Type A-53 steel and Type 3i6 stainless steel. The stainless steel 

pipe has the advantage of not requiring elaborate cleaning methods for the 
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•■.;r:.o.{j.  o:' d: v ^     -r.  .a'-d   ' .-i   d^pociis after the system has been in the field 

for a period of time.    Howeve--,   tr.e stainless steel construction is '■orsideraDly 

■or« '-./pensive than the A-S.3 steel construction (,ty a factor of approximately 7) • 

It sno^id be noted tnat the stainless stee    construction may be more economical in 

the  long ran if a large number of tests  iiOC) are planned. 

Oxygen car. de trar.sporr^d tc tne test site and stored there in eitner 

•:.•   r.aseous or the  liquid pha.se.     Ir. general  the gaseous phase would be used for 

the smaller teeta ar.u tr.e  ü^ud pnase used for the  larger tests.     In either case 

the oxyger wouxd be transferred to the balloon in the gaseous   phase. 

Oxygen in the liquid pnase nas the advantages that  smaller storage 

facilities are required and that for the same amount of gas the transportation 

charges are   lower,    i-or exampi-.,  one million standard cubic feet of oxygen can 

be delivered in one railroad    ar.     However,   since the product will be  transferred 

to the balloon in the gaseous phase,   vaporiiing equipment would be required on 

the test site.    Steam-heated vaporisers witn a nominal  capacity up to 300,000 

S;F per no.r are avaiiatie.    -i 'ypical vaporizer installation to obtain a delivery 

rate of 300,000 SCF per hoir wltbOttt   "freeze-up" would consist  of a 300,000 SCF 

per heir vaporizer,  a 100,000 S^F per ho^r vaporizer,  a steam generator,  and a 

liquid oxyr^.r   pump,    Tne 100,000 SCF per hour vaporizer is added to insure against 

"freeze-up" wbicta wo^ld occur by operating the 30C,0OC SCF per hour vaporizer 

alone.     Tr.e  quantity of oxyger. delivered to »he balloon would be determined by 

metering the oxygen in the liquid phase prior to vaporization. 

For 'ests  requiring smaller amounts of oxygen   ,as  m case  l)  the use 

of tube trailers  to trar?port  and store *ne oxygen in tne gaseous pnase would be 

more advantageous.     In these cases  tne oxygen is transferred directly from the 

tube traiierö  ttiro-gh a pressure  regulator and into the pipe  line.    The volime 

of oxygen delivered to tlM bailoor. would be determined in one of the ways des- 

cribed in ^ l.^.l. 

211.3• j    Freiimir aiy   ,C;.'   r^iir.au; 

Iha exa> t cost  of tbe gases and the gas loading system required for 

a parti, -jiar 'es*   program will  bt. dependent  on such factors as  tne test site 

location,   tne  frequency of tests and the  total number of tests in the program. 



Another factor in tne determination of eitimated costs is whether tbt  laanh 

facility  is a permarer.t  or »empoiary installatior.    A  'est  site  located at 

the White Sands Proving Jrojnds  (sr.e Section 2.2) will be assumed to provide 

a  basis of the cost estim.it.es . 

Oxygen and nydrogen are both available in the gaseous phase a« 

Amarillo,   Texas,   for $6.^0 per tnousar.d cubic  feet,   F.O.B.    High capacity 

:otr.pressed-gas  transporters may be  leased in Amanlio at  a rate of sixty cents 

per rurning mile wi'h a st.ar.dby  ~harge of   $1^0 p«r day after the  first day. 

Hm&riilo to White Sands Proving Jro inds  is approximately a TOO mile round-trip 

so that  r.he leasing charge.-,   for one transporter would be approximately %k20 

plus  standby charges. 

Methane is normally sold and distrio.ted in the gaseous phase.    High 

purity metnane is   relatively expensive,  however,   natural gas  !'90-9c^ methane) 

is availaole in most areas at a  low cost.     The ^.xact chemical analysis of tne 

natural gas   ised  m a particular test  should oe established prior to performance 

of the test.    The  ^ame compressed-gas transporters would be used to deliver the 

metname   .'natural gas)  to the  test site.    The  total cost  for methane   'natural  gas) 

delivered to White Sands Proving Groinds  is quoted at less than $10.00 per 

thousand cubic  feet   for  large quantities.     'Tnis cost includes standby compressor, 

and other miscellaneous charges.)    Natural gas may be purchased at the pipe  line 

for approximately $0.83 per tnousand cubic   feet.     The water content   in natural 

gas is very low and does rot  require removal.*    The  natural gas would be  tapped 

from the pipeline,   compressed and then injected into the gas cylinders.    A 

compressor may oe  rented for $1U0 per day. 

In tests  requiring smaller volumes of gases it would be possible  to 

ship several gases with a single tube trailer.    For example,  in case No.   1, 

the  required volumes of oxygen,   and hydrogen could be  transported ir one tube 

trailer.    Total costs  for gases required for the tests would then be as  follows: 

nASA-01-6e-C-0137;  Underground DetMbli Gas Expiosions, Phase I,  Engineering Design 
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ITEM COST 

^9,700 BCf of hydrogen (Case No.   l) S |0.006$/Kf $      19^ 

22,300 SCF of oxygen (c^ar.e No.   l) • $0.0065/SCF U5 

GBö  transporter lea^e charge,  fQO mi. @ $0.6o/mi ^20 

Gas transportrr standby charge,   * days (S $lUo/day 560 

Compresoor lease charge,   1  ciay S« $lUo/j&y 140 

TOTAL $ 1,459 

Liquid oxygen is availatle from Fontana, California, and tne cost for a 

quantity such as required for SM4 No. 2 delivered to White Sands Proving Grounds 

is quoted at $1,890 for a full tanker load of 500,000 SCF. A truck tanker used 

for temporary storage will co:.t on the order of $20 per nour. Portable containers 

are also available ana may be more economical tnan the truck tanker for temporary 

storage. The cost Of leasing a vaporizing installation to convert the liquid 

oxygen to the gaseous phaM at a rate of 300,000 SCF per hour is quoted at $150 

per week plus a setup charge of $2200. Also required for the vaporizer installation 

is a steam generator whicn is estimated to cost approximately $150 per day for rent 

anJ operator plua approximately $2000 for setup and transportation. The vaporizer 

installation used would have a nominal capacity of approximately 400,000 SCF per 

nour in order to provide the required delivery rate (300,000 SCF per hour) with- 

out "freeze-up". The cost of the gases and associated equipment required for a 

test reprejented by case No. 2 would then be: 

ITEM COST 

241,600 SCF methane & $0.000e3/3CF $      200 
(2)  gas  transporters,  ^00 mi. f $0.6o/mi/unit S^O 

Standby charges,  '+ days (§ $l'*o/jay/uni t 1,120 

Track Tanker Standby Charges, U days @ $48o/day 1,920 

362,400 SCF  liquid oxygen  delivered  to test site 1,890 

Vaporizer lease cn&rge,  1 wee« @ $150/week 150 

Vaporizer setup charge 2,200 

Steam generator lea^e charge,  •♦ days @ $150/day 600 

Steam generator setup and transportation 2,000 

Compressor lease cnarge, 2 day:; @ $l40/day 280 

TOTAL $11,200 
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The pipe line used to transfer tfie oxygen from tne storage units to 

the balloon Mill be approxiMtely 1000 feet of 6 Inch diameter, schedule '»0 steei 

pipe. Tne pipe la fatnca'oJ Intc Btandard length flanged headers to permit assembly 

of the pipe line in the field. The cost, for the pipe line constructed from A-'ii 

steel is quoted at $'3,720 at compared to $'<2/)Ü0 for Type 31b stainless iteel 

constru?tion. S'ainless iteel has the advantage of eliminating problems due to 

corrosicn in the field. However, for the difference in cost the A-53 steel 

pipe line ^an be disaüembled and cleaned in the field, If r.eeejsary, after '.he 

pipe line has be-.n in service for a period of tune. Remaining items for the 

pipe line such as the diffuser section, pipe supports, field erection and trans- 

portation are es'imated to cost on the order of $lt000 total 

2.1.4  Tnstrament öM Fl igr.'. CntN, i 

This section of the ttudy report is primarily concerned with Che free fKli 

instrumentation, flight control .omponents and techniques required to support 

the high altitude blast generation system. Fre<-. field instrumentation is required 

to define the characteristics of biast pnenomena at various altitudes. Measure- 

ments are necessary to verify theoretical predictions and ground level exper- 

imental results  The flight "ontrol components are the command link, firing 

circuit, flight safety compor.en's and tracking components. 

2 l.U.l General Re-tuiremen'c 

The requirements in balioon flights are significantly different from 

those normally encountered in other unmanned missile or aircraft instrumenta- 

tion and control systems. Shc-k ar.d vibration requirements are virtually non- 

existent la balloon flights.  In this case, however, shock due to the blast 

wave is a consideration, although the majority of the data can be obtained 

before the equipment encountert the shock wave. Normally the shock specifica- 

tion is establisnei to cover that encountered m recovery impact  A value of 

10g to 15g is normally used.  It is recommended, however, that a value of 20g 

be selected based on previous experience in balloon instrumentation programs. 

Temperature, humidity ar.d altitude are the critical environment 

factors. The anticipated range of values for these parameters is given below: 



Tempera tare: -JO'C  to ♦50,C 

Himiidity: 0 - 90 percent RH 

Altitude: 0 - 100,000 feet 

Balloon location is also of importance, particularly at detonation 

in order to correlate predicted and actual free field blast effects.  It is 

expected that altitude will be known to - POO feet. 

Weight is an important factor rince it dictates the minimum size of 

balloon which can be employed on any particular test. Weight should be held 

at a minimum, f  weight of 600 pounds total payioad less balloon and ballast 

ha? be^.n selected as a maxur.um. 

2.1.^.2 Free Fie id Instrumentation 

Free field d&ta may be obtained in many ways.  However, for the high 

altitude blast generation sys^m several restraints have limited the techniques 

tha'f may be used. Primarily, "he system selected should be in existence and 

made jp of "off-the-shelf" components of proven reliability. This suggests 

that no approach requiring extensive development be considered. 

The ?onventionai techniques employed in data ccllecticn are:  (l) to 

store data on-board; (2)  telemeter data to the ground; or (3) a combination of 

both. Advantages exist in each of the techniques. However, for reasons pre- 

sented in Section 2*1.U.2>2| Data Sys*em Specifications, the on-board data stor- 

age technique was selected. 

2.1.^.2 1 Da''a Requirements 

The data req-jirea To define the blast and shock environment is the 

pressure-time history at selected ptints between the surface of the balloon 

and a point about 200 fe^t distant  Since the blast wave for all practical 

purposes is spherical in geometry, it can be adequately described if measure- 

ments are made on a single radial line. The most convenient is one along the 

gravity vector  Over the range of altitudes and test conditions anticipated, 

the pressure will vary from u maximum of 200 psl at the balloon surface to about 

1 psi at 200 feet away, the decay being similar to usual exponential decays. A 

minimum of 5 measurements are considered necessary over this distance. A 
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greater number vcaid,  of jcuse,   er.hänce  the reiiaoiliiy of the data acquisitiün 

syftem.    The frequency response  requirements depend on the  local ambient pressure 

and sho.^K fror.-   velocities.     Paioj on an altitude range of 20,000 to 100,000 

feet  and a maximum snocK front  velocity of 5,000 fp^,   a  response of 20 kH?.  is 

tequired ^o provide an overall  ac uracy on  »r.e order of  3 percent. 

In •diirion tc tv.e pressure-time histories,   detonation wsve time-of- 

arnval measurements should be made within the balloon.    The instrumentation to 

maKe  this measurement  snoula h-ive a  resolution of 5 microseconds.     This assumes 

a detonation velo?ity on the ordrr of  7,000 to 8,000 feet per second.    Two or 

more measurements wi'hin the oalloon are desirable 

Ail of tbt above measurements must   be leferable to an ac -urate time 

base.     Adiitlonaiiy,  meteorological data  such as static pressure and ambient 

temperature at  olast  aiM'ude are reqiired. 

The above dat^i  requirements are summarued below: 

Measurement s 

Time  of arrival 

Pressure-time history 

Amoient pressure 

Ambient  'emperature 

Time-base  reference 

No.   of Channels 

(2 points minimum) 

5-10 points {b minimum) 

Multiplexed 

Multiplexed 

I 

Specifications 
r) Usec resolution 

200 to 1 psi;  20 kHz  response 

0.1 to 15 psi;  DC to 10 Hz 

.70'C to ♦^O'C; DC to 10 Hz 

Time signal  capable of resolv- 
ing 5 usec. 

The above data   requiremen'?  represent   the minimum practical to obtain useful 

information.     It would be desirablt,  particularly on early tests,   to employ 

two pressure transducers |1   each  lo.-ation for  improved reliability,     Cn-board 

photographic coverage would be v-iluaole as documentation of the event. 

2.1.t*.2 2    Da^a oy^tem opecifi-'a* iori3 

Due to the  large amount  of field  testing taking place  in this country, 

a method of standardizing procedures be.-ame a necessity.     In  IS^Bi   a  standard 

in 'he field of telemetry for guided missiles was established,   commonly referred 

to as   IBTG (inter-Range  Instrumentation Group) standard.    Other standards were 

subsequently established and  upda'ea as the ner.d arose.    The obvious purpose of 
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the ätandards is to Insure Intel-changeability of hardware between ranges and 

test sites,   provide common data formats and timing,  and to establish practical 

accuracy and response characteristics for various modes of data handling.    Con- 

versely,  having an accuracy and bandwidth requirement, the IRIG specification 

will indicate the practicality of using a given approach in the collection and 

processing of the data. 

The significance of the TRIG specifications is obvious.    The instrumenta- 

tion requirements  for the high altitude blast generation system are within the 

areas covered by the TRIG specifications.    Therefore, to derive the benefits of 

previous experience,  GARD recommends that the instrumentation system shall be 

TRIG compatible. 

The two applicable approaches covered by IRIG specifications are telemetry 

and single carrier magnetic tape recording.    For normal telemetry FM/FM propor- 

tional subcarriers,   even with constant bandwidth "C" channels,  the nominal 

frequency response is  1.5 ^Hz with 8 kHz  a maximum available at  increased noise 

susceptibility and therefore less accuracy capability.    However,  for direct 

record and single carrier FM,   (operating at a tape speed of 60 ips in the 

inter-mediate band)    the response in the direct record mode is 300 Hz to 250 kHz 

and in the FM mode the response is DC to 20 kHz.    This band is the present 

standard of the industry and equipment  is readily available complying to these 

specifications.    In the direct record mode, amplitude accuracy is on the order 

of 5 to 10 percent  of full scale with standard equipment.    In the FM mode 

accuracies up to one percent of full scale are readily obtainable.    For this 

reason telemetry for time-of-arrival data and pressure-time data has been 

eliminated from further consideration and it is recommended that magnetic 

tape recording be employed.    Time-of-arrival data should be recorded on a direct 

record channel since high frequency response is required while amplitude accuracy 

is not  Important.    Ali  other data (excepting reference frequencies) should be 

recorded on 7VL channels where both response and amplitude accuracy are a 

requirement, 
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2.1.4,2.3    Survey of Existing Instrumentation Systems 

A comprehensive survey was conducted of Instrument   systems which 

have been developed for the government.     It would be desirable to utilize these 

systems  if a cost savings could be realized.    It must  be remembered,  however, 

that most of the systems have been hardened for nuclear environments or other 

specialized functions and therefore,  are much more sophisticated than required 

for a hign altitude blast generation system.    The systems  Investigated and 

discussed herein are: 

System Development Agency 

vrerrR n BRL 

Northrap System HDOFL 

EG & G Sandla 

Blue Rock NOL 

Banshee NOL 

Spindrift NOL 

DAQ-PAC AFWL 

VETR II - The Weapons Effects Test Recorder (WETTR) is a general purpose 

magnetic tape recorder system for use in nuclear measurements.    It Is specifically 

designed to record during tnclear eventr.    It is inmune t.o neutron,  gamma and 

EM    radiation.      This is      accomplished by external shielding and low impedance 

balanced inputs.    The unit,  designed for bunker installation,  Is large and heavy 

and therefore r.ot suitable  for airborne applications employing balloons or rockets 

as  the  Lifting vehicles. 

The WETTR has been developed and several units have been used in the 

field      Performance to the specification has not  been completely proven.    There- 

fore,  the unit is undergoing product  improvement development.    The original 

aeslgn employs a tape transport  operating at 120 inches per second.    The newer 

units are using 150 inches per second to obtain the desired frequency response. 

The WETTR concept is being employed in other developments such as the Northrup 

unit   (described next) and APWL underwater recording system.    This unit is not 

recommended for the high altitude blast generation system. 



jWorthi ..' ..^ t .m ■ The PBL hardered ralsslle-born-? recording system is 

prefentiy In final  develcpmem  by the Northrop Aircraft Corporation      The system 

wae ir=igned for a hlgi; level radiation environment and utilizes vacjum tabes 

at *he active elements. 

The system la ba^ed upon a l^-channei magnetic tape transport  having 

characrerlftice very similar *o the WSTR unit.    A difference is that the 

transducers are supplied as par*  of the system. 

As mpn^loned above the ^nlt  is still in the development  stage.    It 

omploys about   90c va'. i-un tubes which limit the shock level without  protection 

to about   l^g and requires a large power supply.    Being a nonstaniard system, 

a large amount  of ground support  equifment  is required including an 8-ton air 

conditioner for cooling   n the ground.    The unit is not recommended for the 

high al'ltude blast generation application. 

Fdg^-f'i.r..  Germfiha-.fer and Grler Da*a Recording and Telemetry System 

(K & G) - The ET, it G system is a missile-borne instrumentation canister capable 

of tape recording and subsequently transmitting seven channels of data to a 

ground station     The data is recorded on a seven channel tape record/reproduce 

system     It then is sequentially reproduced, one tape channel at a time, and 

trar.^mitted to a ground ftMlon via an S-band telemetry system.    The combined 

8yfTem& nave a bandwidth ex*ending from dc to 250 kHz, and an Instantaneous 

ölgnal-to-noise ratio of 26 db per channel, ninety-nine percent of the time. 

The entire system has teen built into a 9-lnch diameter canister 

capable of being borne aloft on any one of a family of 9-inch sounding rockets. 

Pol loving da^a acquisition, the canister is separated from the spent booster and 

a drogue parachute is deployed In order to obtain the longest  possible data 

transmission time 

The data is recorded on a seven channel magnetic tape record in FM 

formar operating at  120 Inches per second.    A center frequency of 7^0 kHz Is 

employed to provide the frequency response of DC to 250 kHz      Maximum data 

recording time is 11 seconds. 
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The EG tic G  unit   i i.;  a record and. telemeter system and is  still   in 

development  ^o  improve performance  piimarily with  respect  to environmental 

speci fi?aT :on ,     For use on  a high altitude bias1:   generation system,   extensive 

modification would be required and tnerefore is not recommended. 

NOL  Flue Rock  g^stjem -    The NOi  Blue Rock  instrumentation  system   is 

seif-ron-'ainea lU-channel magnetic tape recording system capable of storing 

approxima+ely one minute of continuous data,     The missile borne  unit   is of 

hybrid vac jam tube,   semi con due1', rr  design with  semiconductors  being  used only 

in the  least  critical, clrciits.     The  system is  complete with transducers,  most 

of which are of NOL design 

On channels  employing active sensors, the transducers form an integral 

part of the electronic   units,   i.e   ,  the transducer,   signal  conditioning amplifier 

and record amplifier are matched ana calibrated af  a single unit commonly 

referred '''o as  a bridge oscillator  circa1.     FT equency response Is   ^n the order 

of D C.  to 20 kHz 

The system lends itself to the high altitude blast  requirements 

insofar as cnannel aval labil.i1:^  and frequency response requirements are concerned. 

The existing package layout   Is compatible with "•'he high altitude blast require- 

ments and the programmer  could be modified to perform the required functions. 

Two problems do exist  however      First,   since +he unit  is   in test   and  evaluation, 

the availatnlity of this system is not   definitely known.     Second,  as mentioned 

above the signal  conditioning amplifiers are such that  the transducer forms an 

Integral  part  01  the amplifier.     Each  amplifier must be matched to the individual 

transducer and the amplifier should be located In close proximity to the 

transducer,     Program requirement    of 100'  to 200'   distance of the transducers 

from the instrument minimizes the usefulness of these amplifiers.    Also it is 

expected that  piezoeiectri'- transducers may be used      If this Is the case, 

considerable development  would be required. 

Banshee - Project.  Banshee  (Balloon and Nike-Scaled High-Explosive 

Experiments^  employed several  instrumentation canistero developed by the General 

Electric Company under the direction of the Naval Ordnance Laboratory (N0l). 
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The ;ystem vhlch conelsted of four instument canisters and a control and 

instrument package, has been BUCCessfulIy proven in the Banshee program.  Each 

canister contained various +ran5iucers and signal conditioning amplifiers. The 

magnetic tape recorder and programmer were located in the instrument package,. 

Although the Banshee instruaentatioo proved adequate particularly in 

the later tests, discussion with memrers of NGL have concluded with a recommenda- 

tion that it not be used on the high altitude SLEDGE. GAPD concurs with this 

recommendation  The system employed several nonstandard frequency channels 

some of which were multiplexed. This approach contributed to noise in the system 

making dati reduction difficult  Also the costs to fabricate are moderately high. 

Spindrift - Spindrift is a program presently in development at KOL. 

Detailed information if not available on size, weight and nerformance character- 

istic?.  The system employs Scnaevit.z-Bytrex pressure transducers and has a 

bandwidth capability of 0 - 5 kHz recording In FM analog mode on magnetic tape. 

NOL feels that this system can be incorporated in the high altitude SLEDGE, 

Considering the 20 kHz bandwidth requirement mentioned earlier, GARD does not 

feel tnat this system would provide adequate data accuracy. 

DAQ-PAC - DAQ-PAC is a complete self contained portable data acquisition 

system developed for the Air Force Weapons Laboratory by GARD. The unit is 

radiation hardened  It was developed for close-in,above ground nuclear testing. 

It is fully developed, ha? ceen tested and has met or exceeded every design 

specification.  All units are plug-in modules allowing the choice of transducer 

types and analog recording formats  The DAQ-PAC is basically a two part, system 

comprising:  (l) preamplifier jnlti providing excitation voltage for transducers, 

automatic calibration, bridge balance, bridge completion and balanced differential 

preamplifiers to provide adequate signal levela for recording; and (2) an analog 

magnetic tape recording system for recording in both direct and FM format per 

I RIG specification 106-66, 

DAQPAC ir  directly applicable to the high altitude SLEDGE require- 

ments  It is compatible with any of the transducers presently available or may 

become available In the near future. The weight Is 273 pounds Including an 
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overpressore protection shell  The olectrcnic section alone weighs ^^ pound! 

when removed from the shell  However, feat tres incorporated to withstand the 

nuclear environment has made the DAQ-PAC nigh in cost 

Of the instrumentation sys+ems described only DAQ-PAC and the NOL 

Blue Rock units are adaptable to the high altitude blast generation system. The 

other systems are either in development, have limited frequency response 

capabilities or are not adaptable to balloon borne applications. Neither the 

DAQ-PAC or Blue Rock systems are recommended, however, due to the large costs 

involved in fabricating these systems. 

2.I.^.2.U Component Investigation 

Several manufacturers supply components which can be readily assembled 

into a system for balloon-borne instrumentation. As mentioned previously, the 

advantages of complying with TRIG specifications are many; thus the componentc- 

discussed will be IRIG compatible, The typical instrumentation channel is shown 

below: 

Sensor — 

Signal 
Conditioning 
Amplifier 

Record 
Amplifier — 

Record] 
Track | 

1 
T 
!  

Excitation 
and/or 
Calibration 

The configuration shown above is oriented toward analog magnetic tape recording 

but can be applied to any type of storage media or format of storage depending 

upon the type of signal conditioning unit and storage amplifier employed. 

The components available to implement the instrumentation are 

described in the following paragraphs. In each case many manufacturers were 

contacted for information but only those components which were deemed most 

applicable are discussed. 



Sensor Invcgt .gat icr. 

Some ik nnufaeturen of 'nose contacted    supply pressure 

eenaori   Jteatle on the high ai^it^de SLEDGE program.    Many of these were 

eliminatel due to low resonant   frequency  flow response) and/or the stringent 

temserat   re specification.    Although tne sensor may be packaged in a neated or 

thermally  Insuia-'?! package,  Tansducers are available which can meet  our 

requirement.; withovt   ?pec:a:  packaging      We have taken the latter approach and 

selected "wo MnufSCturers  for furtrer cons I aeration:    Kistler Instrument 

Corporation and SelUievlti Bytrcx.    The manufacturers specifications  are given 

below: 

Schaevlt» flytrex Model HP-100 (Pi ezoreslst ive) 

Na^ ,   Freq. 

Lin    I Hysteresis 

Thermal Snift 

Thermal Bensitivlty 

Shock 

Temp    Range 
fcompensat ed1 

Operable 

uo •- 6C kHz 

If 

0.010 

0.010 

0 0C2i/s 

5r;0C 

-53 to +150oC 

The Schaevi^z Bytrex gage can be compensated over a range of 

5C;0C at  ar.y operating tempentture,     Therefore,  It  is possible to obtain a 

gage compensate! for a  range of -55*C To ♦ 0oC ambient operating temperature, 

Two älsadranttges  exis1'   Ln tne use of tr.e Schaevitz gage:       (l)    the natural 

frequency  is  lower than desirable,   particularly in  low range pressure gages, 

and (2) a separate  signal  conditioning amplifier is  required. 
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Kistler Piezotron Model 203L (Typical) 

Range Full Scale 100 psi 

Linear Overrange 1000 psi 

Sensitivity at F.S. 10 - .2 mv/psi 

Resolution (noise) .02 psi 

Linearity Deviation - 1$  F.S. 

Rise Time 0 to 9056 1 microsecond 

Thermal Sensitivity Shift + .02^/oC 

Acceleration Sensit Lvity .002 psi/g 

Output Impedance, Nominal 100 ohms 

Temperature Range -75 to + 120oC 

Vibration 5 - 2000 < :ps 1000 g's peak 

The major advantage of the Kistler gage is the built in signal 

conditioning amplifier which reduces the noise susceptibility when used with 

long signal lines. The major disadvantage is its susceptibility to transient 

thermo-pulses which could contribute to inaccurate pressure decay data. 

Several shock tube tests were performed by GARD on the Kistler 

Piezotror Model 203L and the Schaevitz-Bytrox transducer Model HS-100. Early 

tests have shown that the Kistler gage is susceptible to transient temperature 

pulses. In working with the manufacturer it has been found that a coating can 

be placed on the gage face which will make it essentially immune to the thermal 

effect. Although the gage appears to be satisfactory in performance, actual 

dynamic calibration is difficult in our shock tube due to the ringing effect. 

As can be seen in Figure 2.1k both the Schaevitz-Bytrex and the Kistler gage 

exhibit pronounced ringing. The ringing is at a much higher frequency on the 

Kistler gage due to its higher response characteristics. It would be desirable 

on early tests, to use both transducers to determine which one would perform 

more satisfactorily. 
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r;ARD has performed extensive testing to derive a successful 

teclmlque for detonation wave tlme-of-arrival data within the balloon. A 

breakwire approach was abandoned early since it was difficult to distinguish 

a distinct wire break from shunting by the ionized gases. On occasion a 

broken contact was reclosed by the detonation wave obscuring the original 

break data. 

Most of the subsequent effort was oriented toward printed 

circuit gaps for measurement of the ionlzation front. These were very success- 

ful particularly with gas mixtures at atmospheric pressure. Reduced P- essure 

tests performed at BRL snowed that the signal was not as pronounced as signals 

at atmospheric pressure. In some tests a Schmitt trigger was used to generate 

a pulse from the signal as the wave passes each gap. This approach provides 

more readable data but affected the accuracy of the data. An analog recording 

of the raw data offers a better approach, but requires interpretation in data 

reduction  A modified printed circuit providing alternate positive and negative 

pulses is recommended to improve the definition of the wave front. 

A typical sensor strip is shown in Figure 2.15. Sensors are 

located at 5 foot intervals along a 2 inch wide printed circuit strip. Even 

numbered sensors are excited by a positive voltage and odd sensors by a 

negative voltage. As the wave front passes the sensors, alternate positive 

and negative pulses are generated. This approach minimizes the problems of one 

signal masking the next signal dae to a slow decay rate. The sensors would be 
+ 

excited with - 3 volts to minimize the possibility of detonable gas ignition 

due to sensor excitation. The signals are summed as shown in Figure 2.15 

and recorded on a direct record channel on which the fiducial signal can also 

be recorded, 

Analysis of free field effects requires a knowledge o:' the 

meteorological environment, at the blast altitude. This requires the measurement 

of ambient air pressure, temperature, and relative humidity. These parameters 

should be monitored over the following ranges: 
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1.  Pressure-Altitude: to 10 mb (100,000 ft.) 

2   Temperature, to -sS'C 

3,  Humidity  10^- to 100^ 

The acquisition of meteorological data can be accomplished with 

conventional transducers, at part of the instrumentation system, recording 

temperature, pressure, and humidity. This approach offers several advantages. 

First, the data is recorded on the same tape as the blast data. Second, all 

or a portion of the data may be transmitted to the ground. Third, since the 

data rate is slow it can all be multiplexed on a single tape track. A typical 

multiplex system is shown in Figure 2.16.  In the interest of economy, one 

Instrumentation amplifier s used which includes built-in excitation voltage 

and calibration.  All three sensors are energized in parallel from the excitation 

source and all outputs switched into a single amplifier by the multiplexer. With 

this approach each bridge circuit is selected to provide output signals of the 

same order of magnitude. This also lends itself to a common calibration scheme 

as shown in Figure 2.lb. Data identification is accomplished by recognition of 

two open segments in the data stream. 

As an attractive alternative, standard meteorological radiosondes 

are in every day use by both the Weather Bureau and the various military services. 

The radiosonde consists of a compact radio transmitter, complete with antenna 

and components for measuring pressure, temperature, and humidity, and a means 

for modulating the transmitter. Pressure is measured by means of the displacement. 

of a contact arm mounted to an aneroid element. Temperature and humdity are 

measured by virtue of their effects on special variable resistance elements which 

control a blocking oscillator and modulate the carrier frequency over an audio 

range of 10 to 20 Hz, The pressure element also acts as a switch to alternately 

connect the temperature and humidity sensors in the circuit. 

Radiosondes are available for operation at several transmission 

frequencies, including 72.2 MHz for shipboard use, kO'i  MHz for use with SCR-658 

ground equipment, and the meterological data channel at 168O MHz compatible with 

the AN/GMD-series rawin sets. All of the ground stations use a radiosonde recorder, 

such as the AN/TMQ-5j for data presentation. 



Comraeiclal radiosondes nave nominal ranges of 1050 to 5 millibars 

for afmospheric pressure, temperature from ♦ 50*C to -90*C, and 10 percent to 

100 percent relative humidity  The overall probable error in pressure measure- 

ment of present üBltt is: 

- 1 mb a' 10CG mb 

■ I  mb at ^00 mb 

- 1 5 mb a-' .00 mb 

- 1 c> mb a- 10 mb (100,000 feet) 

The overall probable temperature measurement error is about 

- 0*S C., and the probat: le DUBldity error Is - 2.5 percent. 

BlgMtl Conditioning Aaplifler> 

The signal conditioning amplifier performs the function of 

mptching the transducer to th* storage media through the record amplifier. In 

analog recording it is normally a straight voltage or current amplifier to 

raise the sensor signal to a high enough level to drive the record amplifier. 

The primary da^a, pressure-time, requires both low frequency and relatively 

high frequency response. These responses are best obtained from DC amplifiers. 

Many types of DC amplifiers are on the market for this purpose. Furthermore, 

many manufacturers provide amplifiers with associated excitation supply and 

automatic calibration capability  Tne latter type considered here are available 

from Honeywell, CEC, ana Enievco  One major disadvantage of these units is that 

they operate from ll1? volts 60 Hz power sources whicn are difficult to use in 

balloon testing, Two amplifiers more directly applicable to balloon instrumenta- 

tion are DAQ-FAC DC amplifier Model 1062 and Genisco Technology Corporation 

Model 23,*I$0 DC amplifier. Specifications of these amplifiers are given below: 

DAQ-PAC Model 1062 Amplifier 

Input + 0.005 volts for * 2.5 volts output 

Response DC to 20 kHz - 0.3 db 

Bridge Excitation      0-10 volts DC 1 watt 

Regulation ± 0.05^ 
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Genlsco Modgl 2j-i'?0 Amplifier 

Input 

Pesponse 

Zero Drift 

Zero Drift 
(temperature) 

Excitation Oat pat 
Voltage 

* 0.02^ volts for - 2.5 volts output 

DC to 20 kHz - 0.5 db 

i O.lf  in 2k  hours 

2 JV/0F referred to input 

5 - 20 v. DC @ 45 ma 

A listing of these and various other amplifiers appears in 

Table 2.1, 

Tape Recorder. 

The prime concern in the selection of a recorder is to obtain a 

small light weight unit which can perform in a field test environment. Although 

this study is concerned with a minimum requirement of six data channels plus a 

reference track, a lA track recorder is recommended to allow for expansion. 

The added cost for the additional tracks is very small. 

Single carrier FM  recording is considered for all data except 

time-of-arrival which requires high frequency response. These data will be 

recorded on a direct record channel. All systems considered are IRIG and 

consist of all necessary record electronics and reference oscillators. Of the 

27 manufacturers solicited, four have been selected as possible suppliers for 

the WABGS. A summary of these four appears in Table 2.2. 

Additional Circuitry 

In the makeup of an instrumentation system certain peripheral 

components are required to insure a logical sequence of operation and as an aid 

in data reduction.  These include a programmer or sequence control device, 

reference signal generators and a method of providing a fiducial signal. 

In most cases, unless one complete system meeting the requirements 

is available, the programmer and other related components are fabricated to meet 

the functional requirements. Therefore, no attempt was made to obtain an off- 

the-shelf components. The typical programmer sequence would be as follows: 



1-5 ■lautes ■•• Warm-up power on 

T-6 seconds        - Calibration cycle - all  units on 

T-l  second - Back-up signal - all units on; 

back-up release of calibration relays 

T-0 - Fiducial  signal 

T •+ 5 secondt     - Post calibration cycle 

In addition to the programmer,  one track of the tape recorder should 

be allotted to a time reference for  da^a reduction.     Stability is the criterion 

for the reference oscillator for whicn 50 kHz is the recommended frequency as a 

monitor of tape speed variations. 

Flutter compensation  is required and can be obtained by recording 

a 108 kHz signal  on one track.    Upon reproduction an FM reproduce amplifier 

using this signal,  generates an error signal for data compensation.     Compensation 

can be accomplished during da^a reduction.    At large data processing facilities 

the flutter signal can be applied directly to the data reproduce amplifier for 

automatic compensation during playtack of the magnetic tape. 

PowerSj&system 

As in any instrumentation scheme,   electrical energy is required 

to power the various componenT.s of the system.    This summary of energy sources 

indicates that  the pover requirements for the high altitude blast generation 

system is well within the capability of chemical batteries. 

Electrochemical  batteries for Aerospace applications can be 

classified in one of two ways: 

1.       Primary bakeries, which can be stored in a charged 

condition or activated by filling with electrolyte 

immediately prior to use,   and are employed for short 

term or "one shot" application. 

2        Secondary or storage batteries, which can be recharged 

from a source of electrical energy and are subjected 

to repeated charge and discharge. 
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Choice of one of the tWJ typet- is, Of course, based primarily on mltsion 

duration and/or necessity for rectiarglng  The most critical, reqairement of 

the "blast simulation program Ll the successful acquisition of free field data. 

Minimization of the probability of battery failure through one-Mme use, plus 

simplification of auxiliary  circuitry by eliminating charge control, are 

very desirable. Therefore, on the basis of potential reliability, a primary 

battery system is preferred. 

Sealed nickel-caimium bat-* cries are at present the only type of 

electrochemical power source whlc.1-: have been extensively used in aerospace 

applications,  To date, more Than 75 percent of NASA's satellite programs 

have utilized Ni/Cd secondary batterie?. Aside from a high confidence level, 

the major advantage of Ni/Cd batteries is their long cycle life. They have the 

capaci'Ty for tens of thousands of recharge cycles. On the other hand, however, 

their energy density is very low. The energy density is more than a few watt- 

faoun per pound when control circuitry and packaging are taken into account. 

Alt-hO'jgh discharge capacity is degraded Kt low temperatures, Ni/Cd cells are 

the least sensitive of the three types that are discussed herein. 

The silver-zinc battery offers the highest energy density of any 

primary battery system commercially available; it can also be used as a secondary 

or storage battery over a limited number of cycles with a corresponding reduction 

in energy density. This battery ha? excellent reliability, high energy per 

unit volume, and can be discharged at very high rates with good voltage regula- 

tion.  Low temperature performance, however, is quite poor, Ag/Zn Battery 

systems have been used extensively in missile and weapons applications requiring 

high capacity primary power coupled with good environmental tolerance. 

The silver-cadmium battery is a relatively new development, 

having seen limit el application ir aerospace systems.  It offers a compromise 

between the long life and low energy density of the nickel-cadmium cell and 

the high-capacity, low-cycle life of the silver-zinc battery. In addition, it 

possesses certain electrical characteristics which simplify power control 

circuitry in secondary battery systems. The Ag/Cd cell also suffers from 

degraded performance at low temperatures. 
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li   li  recommcndei that   riickel-cadmium batteries be employed as 

the primary power source.    In tests  involving low yield? &x  high altitudes 

where weigh1,   !:• a prelominant   fac*or silver-zinc cells should be employed.     In 

the intere?1: of reliability   individual   raf'ery packs  should be employe! to the 

greatest  exten1 ,  recognizing,  however,  ••r,aT   a  failure of the main batTery peck 

would recult   in a complete lotir of data. 

2.1 L 2.5   B mmrp 

As a mirimum,  the following daTa must be recorded to define the 

characteristics  of tne bla^   phenomena at various altitudes: 

1, Shock wave press^re-time history 5 points 

2 Detonation ^ave tlM of arrival 2 points mlnltnum 

3.      Ambient   pressure,   temperature, 
and relative Tumidity. 

I1"   is recommended that  the data le stored on a lk track magnetic 

tape recorder complying with the IRIG specifications for operation at 60 Inches 

per  second In the intermediate  frequency band.    The recommended channel allocation 

follows: 

L,      Pressure time history -        ^ channelc FM record 
dc to SO kHi 

2. Time of arrival -        1 channel direct   record 
300 Hz to 250 kHz 

3 Ambient   pressure -        1  channel  -  FV. record 

Ambient  temperature SJ1^1*8 1,,ptfl  * t0 

20 kHz 
Fayioad tcapenturc 

k,       50 kHz reference -   1 channel 

5. 108 kHz flutter reference    -   1 channel 

6. Spar0 -   5 channels ■- FM record 
DC to 20 kHz. 

None of the '.>xi sting government  sponsored systems are recommended 

primarily due to cost.    The recommended recording system is a Genisco Tape 

system Model  10-110.    Transducers,   preamplifiers,  a programmer and battery must 

be added to the Genlsco System      The recommendations  for these items are given 

below; 
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T.-ar.f i,ct'rie 

Ire   ,-TlE(    • if!   • ler Froozctrc Molei 203 L 

tlternatc Schtvl^z ?yiri*x M.S. Seriee 

Tiir,<= of arrival  - prln*ii circuit  per Section 2 u.i.2 

T^mp^ra» .re      -^irmlstor 

Amol-'"-  prese^re - Zl£ ModPl U.326 

Fr'.aapUnpr  (if r«qu1 red) 

OerUco model ?)-lS0-l 

»•tricated rcr Section 2 :.<• S.l* 

lldMl Calm: .s. 

Tr.e complete fyrtem is urowr     r Fig.re 2.17, 

Ketporological da*a rho^ld be ottair.ed by carrying a radioeondc 

atoari »he flign*  trail      !'   is reroasended tha* the »«ae data ce recorded on 

one track of »he tape recorder along »It»  *.r.e n.tt rjmentation packag« «empera» jr»-. 

On »he early flitf't  It  1a retommerded ,^a,  a camera tK carried to photograph the 

event 

2.1 fc. 3   niafet QoBtrol 

The primary link t    .of tre tal.oon la tha en—an receiver 

located or. tr.e balloon package and tht coaaard 'ranaml*ter located at a gr-j-r.l 

control alte     An uro^r.l cocoarl«  tn *ranfml*.ted via tr.li  link.    H.'.'.iple 

coaMndt are recea«ary vitr »la "i-g *re tinaoi -ontiiered prac*lcal     Tr.ea«> 

arer      payicad -.»lo^n; fa*.a»*   Iropj  ln»tr xenta* ion vanaup; ncraai det'r.ation; 

tack .p de^ooatior; ar.j ^m^rg^rcv de on«« tor. 

In addition, or.-toard tackup safety ronrroi« are alao dealraele 

Again aa a minlaom tbi fo.lcving are  Jetireatle     In* Altlt<le Trrcinatlon • 

If *he balloon dercend» below >,CC0 f* d^onatlon la aitoaatlc; High Altl'adc 



T«rmin«tion - upon clearing the detonation altitude and detonation fails the flight 

train is cut loose; High Altitude Detonation - detonation upon clearing normal 

detonation altitude: Time Detonation - normal detonation based upon flight time 

Emergency Tiired Detonation - timed detonation upon failing to reach altitude in 

prescribed time interval; Emergency Timed Termination - timed paylcad cutdowi upon 

failing to reach altitude before specified time. 

Telemetry is not a necessity but offers a return link from the balloon 

to the ground. Unless altitude is to be determined by tracking equipment, ambient 

pressure data or altitude should be sent to the ground. If a telemetry link is 

provided, it is a simple matter to also verify receipt of commands transmitted to 

the balloon. Also, if altitude data is transmitted to the ground, the main purpose 

of the tracKir.g equipment would be reduced to monitoring balloon location for safety 

and recovery. Therefore, the accuracy that is required of the tracking equipment 

?ould be reduced. 

2.1.1*.3.1 Co-and Ccntrol Systa« 

:.-.•   —*■ ;   ;-r    . • ■•- {. ,• . . :• - •;..;  -f..v'-:    •.:.'.r..   -:' ':.':  f..c.:. 

flight fron launch to recovery. A functional block diagram of the typical system 

is shown in Figure 2.16. The essential e'.aaents are the cosnand receiver, decoder 

which provides contact closures for each of the functions as tramsmitted to the 

balloon, the aneroid pressure switches which are used as passive safety devices 

in case transmission is lost to the balloon, and the mechanical timers which time 

the f ight fro« launch to insure clearance to altitudes and detonation within the 

proper time limits. The cosaand receiver and selector operating together and 

utilising four properly tine sequenced tones out of a total of seven available tones, 

allows the selection and eventual energising of any one of nine available channels. 

The receiver requires two tones out of three available in order to activate one 

of three channels. This channe. output, together with a third ton* chosen from 

an addltiona; three available tones, goes to tne »elector, and aalacts one of 

nine posslb.e channe.s. A fourth tone, tne seventh a/aiiable tcoe, to the selector 

is necessary in order to energise the finally selected channel. This combination 

of tones plus time provides the degree of security necessary to insure against 

spurious signals activating a critical cassaand channel. 

Shown on Figure 2.16 are typical arrangements for the relay and switch 

closures to provide the proper functions. In the norma' operating sequence a 

signal would be sent on channe. 3 for instruaentation warmup approximately five 

minutes before detonation. This signal through relay closure Ki would turn on 
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tne InttruMntatioi      Approxiafttely ii*   lecondi before de».onat,iur,  a signal wo..id 

b-   cent  up on ohanne.!  'j causing a ^ioj^'e r,     c.-.'act K';  to initial   tha i.uimal 

detcr.a'.ion p-ogr^m      Ii   thfl  LnstrUMntatlon program six iecOIKU would oe  r'equired 

for c alibrat ior.,  after wni.n a sigr.al ifuuld be t, rar; omit, ted tc the firing c-in lit 

♦ o d».tonate  the oalioon.     Di-.pendirg or. the mode of operation,    .he caiibrdtior 

..eqience ar.d le.'ontt ion can Dt  irltiated ♦hioogh S3 or S«.     if the procedure is 

»o dutonat« th«-. balloon as it  passes  'hrough datOMtlor. aitltide, an aneroid 

switch wili  close o3 upon obtaii itir. tn«'   ai'.'jd. ,   ar J  i'il'iate the  iri.st rumenta- 

MOr.  cyeltt.     A time de'onation wo^ld   .se  the  same {."oc-.dire,  howevt-.r,  34 would 

initiate  »he cycle,    .inannel 6 is addtd as a oackup.     In case of failure to 

dt-.'or.ate at tne proper tlMi  a signal   -an be set. up on channel 6 to close K6, 

'.r.itiaMng the instrimer •»• ior, and energizing 'ne  firing circuit.    Emergency 

detonation can take place    brougb energizing KU on cnar.nei u or S^ from the 

e,!i»'.rgenc>-».ine. i<=.ior;atiOf. circui». 

At  any • Ime diring the flight,  bftllaat may oe dumped by energizing 

enamel 1,  .'losing relay contact Kl      Ballad4, is also dumped on a nomul detona- 

tion by a bignal  from tne firing circuit  through a t«fo second delay.    If an 

emergency exists where by tne balloon etBDOt te safely detonated,   the psyload 

may be cut loose through ary one of several means.    The payload "an be cut down 

by transai* ting the signal on <nan'.*l k, or from the high alti'.jde termination 

areroid,  or  from the «merger, y  time 'ermination through S6. 

All  *h«! rooponent« to impleiMnt  the roar^nd control system are readily 

available and relatively inexpensive witn exception of the cotamand receiver 

and if oder     A searm w<.s made,  therefore,  for a command »eceiver, decoder and 

feMAMdttW ays'em for use cr  t^ program.    Three sich units appear !r Table 8*3« 

Aroiher a» tra'.lve urit was deve.oped by tfe Zenitn Badic Corporation for the Air 

fur •    amenigf hesear n Laboratories      This mit has a   apability of rine 

channels operating or. a two to».« 'ran&mitted signal.    Unfortunately, Zenith 

only provides 'he reeiver and decoder; r.o transmitter is available for use 

with 'iua sytaa.    The tone generator and •rarsmi't.er «ere developed by AFCPL 

as an ".r-house'* proje •      This sykteai has proven reliable on the Banshee and other 

balloon programs in which AFCPL nas participated.    This makes it very desirable 

for use or. the r.ign aitlt.de SliDoF  program. 
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2 i i* 3 2   Detonation Circuit» 

Tj'.e detonation (or firing) clrcal*   ignites the explosive gas mixture 

upor  receip'   of a proper firing signal.     A typical circuit can be seen in 

Figure 2.19      The  explorlve gas mixture  li  ignited Dy a blasting cap which Is 

•el -a-ci ty an elecrlcal sigrai  derived from a relay closure.    Tvo completely 

mdepenien''   circuits arc employe! fo aad red-ndancy to the system as a safety 

factor to ln-*re detonation      As can be seen In the figure, the two firing 

relayi  K: and K2 can re energized from any one of three signals      In a normal 

f.rir»g sequence, a slgr.al  Is sen-»   from the instrumentation program Immediately 

following the calibrator cycle,     la case of failure of the instrumentation 

progra"., a cack-p firing signal  if available      This signal is aj,piled to a one 

ond pyrotechric delay circuit      The one second Is used to allow the Instrumenta- 

tion tjpp recorder to get up to epeea before detonation of the gases.    If the 

occatlon should arise that the oaliocn be detonated In an emergency condition, 

a slgr.al  ;.L  obtalnei from either the aneroid pressure switch or the backup timer. 

Tne wiring to the Cia?tlng cap Is rather conventional with a twisted 

pair of leads  leading from a pair cf C type contacts up to the blasting cap.    In 

♦he nonnaily le energized position of the relays, the blasting cap Is shorted out 

cy one leg of the relay contact? to keep »he balloon and blasting cap at the same 

potential.    Vhen the relay Is energized the eor.'ac* moves to apply battery power 

to »he Uaftlng *ap     Bach blasting cap le operabel from a COB-letely Independent 

circuit and each ha« it« cwr. bakery supply for faring the cap.    Slx'een D size 

alkaline baverle« are jsed to latonst« each cap. Relay contact K1B are used to 

blow a smau f««e for verification cf receipt of »he firing signal.    The extra 

contact.- on the relay K2 arc   .aed to duap ballast after the completion of the 

balioon de'or.a» Ion 

The even* or flluciai marke;  is ob*ained by a twisted pair of leads 

wrapped or. the e.a#t.Ing cap     Tr.e lead.- are terminated in the time-of-arrival 

printed circuit  »trip.    The signal Is recorded along with the tlme-of-arrlval data 

OP ♦he same ♦rack 
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A stanlarl electric No.  8 blAttlng cap ra^  treen used on previoas 

experiments.    Thli  cap hai   prc-ron Mtltfftctory  for  r.igh ambien-   pressure tes*s. 

However,  a*   recLcea ambient   pre.-sjre.- a booster wa?  adiei ro injure detonation 

of the ga?es.     The expected firing tlac is ibout  three milliseconds-   I'rom 

activation of tr0 relay contact  tc detonatior of th« cap. 

2.1 k.k   ^ele§etry gystea 

Altitude ran fee determired more accurately on fcoarl the balloon. 

Since presFare (al^i^ide^   Ls a ?lcwiy changing  parameter, very little bandwldTh 

is  required.    Therefore,  pressure,  temperature and a n^mter of o^her  low frequency 

functions can ce transmifei rr. ore  Infcrmatlon channel ^o grcund. 

The fame channel can be  .sed 'o verify reccipr  of command signals 

As with *he recording ^ys'em.  an IRlrr comraticle system Is recommended.    AFCPL 

has a cotmnand system availane wl*h a re'-^rr. communication link which can t^anemi* 

pressure  data, a High*   iien* i f I.s* Ion code and a CW .-Igr.al   ^sed for 'racking. 

In Lieu of a telemetry system, a radiosonde may be used at> described 

in section 2.1 ^.2.    Although it lacks the capability of adding any additional 

information,  it is a relatively irexpetaive devi-e and may te readily incorporated 

ln*c the syftem.    It has »he added advantage in that  it may be j?ed for obtaining 

tracking oata when  -sed with »he Pa^in syr-'em u will De descnted. 

e  1 U U i    Tracking PegjlremTV- 

Af fated previcsiy for correlation of predicted ard act ^ai. tlaf* 

effects 'he eitltade of *te bailoon syj»em should be known to within - 2C0 feet. 

The selection of a tracking 6y:,ett depend.- altf on the target »o be tracked 

Depending on how information li provided »o »he tracker the *arget  is lemed 

acMve or passive     A passive ♦arge' aereiy ec* * as a reflec*or  for grojmd- 

originated trarklrg «ignau, wnile an a-tlve targe*  ealt» intelligence eirher 

in the fons of answerlr^ signals to an lotcrrogstior. from the gro^n.*    »aMon» 

or at  beacon signals generated oy the r,or«*l operation of the   arget. 
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The next  few  paragraphs   liscass the operatic;   and  performance character- 

istics  of several device;, or systems  potentially useable  for high altitude balloon 

tracking.     This discussion  is  followed by a summary of the various approaches and 

consideration of available tracking  equipment at  several  instrumentec missile or 

calloon te.-t   ranges 

2.1.k.u 2    Raaar Tracking Systems 

The primary function of an instrumentation radar is to provide tracking 

information for determining the flight  path or trajectory of an airborne vehicle. 

Two modes of Tacking are employed by range radars:     skin tracking and beacon 

••racking      In skin tracking,  the radar output pulse signal is reflected from the 

target   and picked -p by 'he sendlr.g/receivlng antenna of the radar.    The maximum 

range cf thll »e-hnlque  is limited ty the radar cross-secIon of the target.    It 

haf the advantage, however, of no*   requiring an airborne transponder.    In beacon 

•racking,  '"he ralar signal  is used tc Interrogate an airborne beacon, which sends 

back a p.lte to »he ground radar at  a cilghtly different  frequency from the 

transmitted p-lüe.    Thl.- concept greatly increases the accuracy of the radar and 

of*en expend« »he  .featle range by a fac*or of four. 

The AN FTS-lc radar If a Mgh precision C-band monopulsr tracking radar 

designed specifically for missile range instrumentation.    It has the capability 

e    ajtooaMcally following a movlrg target and p'ovldlng precise,  real-tlnr 

digital  InformaMon or, azlm.'f, el««v«Mon, and slant range.    The fT9-l6 can 

opera*e  In either the »klr or tetcor track modes.    It will skin track a one 

»q.are meter targe* to a rang«« of 200 miles; beacon tracking range for standan 

configurations  li approxlma*ely 600 mile«.    Nominal Instrument acc-racy of the 

F>S-lb U - 5 to l1? yards In range, and - 0.2 to C.3 mil In azimuth and elevation. 

The j5-.tl FPS«46 Installation will provide elevation coverage down to 

-IC-.    Data, ^ever, are generally not  reliable below ♦ I*, since m-ltlpath 

TransmiäMon and prcur.d effects car. introi^ce Iraccuracles.    This protlem car* 

be ellmlnatea ty *ylng   the radar in*o ar. optical dlrec*or, boreslgh» camera, or 

other vis „al tracking device 
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Aitr.oagh -hf5 FFS 16 la •vallable at most inftrmented teil  ranges,  it 

is evldle^■,.   that   Its  potential   for   .se  wi-:h a temi  t rar-portable blast   simulation 

facility  is   limited,     however,   a m^'; -trailer mobile version,   known  as  the 

AN/MPS-2:.,  hat   been  levelopel ard U   available  in  lim;*ei numbers at  most   of T.he 

more well  eqrlpf.el * es^   sites,   iuct   a^:  Whi'e Sanis  Missile Range,   New  Mexico. 

Range radars with more i inr.'el availability can provide tracking 

■eeurteict  ranging   from      2':  yard.-   ir.  range arl   ■   1  mil   In angle for +he AN/MFQ-iP 

ar,l AN/MFQ .8 ^modlflel BCI  : 8U' B>b«nd tracking rajar-^, to   .  2 yards in range anJ 

-  C.2 all  ill argle for the IMOBX   '"rarking Resolutioo ind Discrimination Experi- 

ments'   sygten. en tb.e Fa:ifi.: Missile '"'ange a*   Kwajalem A+oll   Ir the Marshall 

Isiana? 

2 l.ll I»,3 Co.-Mn.c..; >'ave ""rarking System-. 

Cor* In «OuS-«lave    CW"  -fracklnp sye^ems  provide righ acc^ravy data en 

vehic.e pOtitiOB durln|  flight      VithOOt   exception, these systems require the 

^se of an airrorne ^ ran-ponder or coi,» In^Ou--wave signal source,  s^cn as e 

telemetry RF :arricr, to determine vehicle poMtjon.    The principal  advantage of 

CW tracking Tystem.   Is trat »hey  -ar. operate at   long ranges with much greater 

preclblor. tr.an other raiars      On 'he o-.her  hand,  closely aligned fixed ground 

p^aMons are   -«.ally req.lrei.  and rea.ctlor. and presentation of position 

information may pese  lata r.arlllr.g ilfflculties 

Tro DOVW 'Dopple- Velcity aM Position) system <:or..i'te of a ground 

reference trar6m,.**er. a freq.enc.v do.tling airborne transponder, and a nimter 

of reito*e ground receiver« where »he reference end return freqiencies ere 

comperei am »he Doppler frequency ex'reotei end releyed *o a centrally located 

de*^ prcce'sing fe-'.li'y     Tvyjcsl 'renfa.:*ter end trenoponler ♦'req «encle«» ere 

36.9 end 73 9 Wz,  reaper» ivel v.    Position ■eeurMiM ^o •• C'* feet  cen tc 

ettelr.ei jrler proper opereting  -orii» ens uflng e large r .mter of DOVAP receiver 

fc'e» lor? 
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2 l.k.k k   Optical Traekere 

Included in the optical  systems of tracking instrumentation are the- 

odolites,  telescopes,  ballistic cameras,  and several other types of modified 

cameras.     Pecause of the relatively low speed requirement  for a balloon tracking, 

thli discussion will be limited to tracking telescopes,   low-speed cameras,   and 

theodolites      Of these,  only the theodolite is truly a tracking device.    Tele- 

scopes with integral cameras and medium to long range camera systems are used 

aim1 i"i   exclusively for acquisition of altitude,  ascent rate, and events data 

only. 

The b,     c theodolite Instrument has been used for years as a surveying 

device.    Manually operated theodolites can provide azimuth and elevation data 

for  low altitude balloons,  tut   positional accuracy is  quite limited. 

The cinetheodolite (also known as phototheodolite) is a specially 

designed device for determining test  vehicle trajectories.    Two or more the- 

odolites,  placed at  known distances from each other, measure and record on film 

the azimuth and elevation angles to the target.    The space position of the 

target  can then be computed from the base lengths and angle data.    Time 

äynchronization is usually provided by electrical pulses from a central timing 

station. 

Position data accuracy of a cinetbeodolite tracking system varies 

from - 2 to 5 feet  for altitudes up to 25,000 feet,   - 10 feet from 2^,000 to 

"jO.OOO feet, and - 20 feet   from 50,000 to 60,000 feet.    Accuracy deteriorates 

rapidly when the elevation angle exceed 70 degrees.    Measurement of position 

data above  'JC,0C0 feet  are difficult, if not  Impossible, with currently available 

cinetheodolites. 

Optical tracking If  limited to daytime operation under relatively 

cloudless ccndltlor.s.    Nighttime  ,ee requires an airborne light source or 

optical beacon.    Further, some form of geometric pattern or target on the balloon 

system may be required to assist   In daytime tracking ot high altitude». 

Although the clnetheodolite possesses limited range and elevation 

capability, it repreeents an extremely  .seful low altitude element  In an overall 

tracking system configuration. 
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2.1.^.^.5 Radio Direction Finding Systems 

The primary function of a radio direction finder (RDF) is to determine 

the azimuth and elevation angles to a radio signal source. This is accomplished 

using a sensitive receiver and highly directional antenna; angle btarings to the 

target are read off the calibrated antenna mount. As applied to airborne targets, 

the major disadvantage of an RDF system is the necessity for an on-board signal 

source or beacon. In addition, angular accuracy is somewhat lower than for radar 

tracking systems. 

There is, howev?r, one fact which makes RDF tracking attractive; a 

meteorological data acquisition function must be incorporated in the free field 

instrumentation system. At discussed previously, this is already accomplished 

using a standard l680 mHz radiosonde. Thus, the RDF requirement for on-board 

radio signal source is satisfied. Further, the standard military ground equipment 

for reception, recording, and display of radiosonde data, the AN/GMD-serles Rawin 

Set, is in fact, a radio direction finder since azimuth and elevation information 

is provided. With the use of a transponder radiosonde and the addition of a 

ranging adjunct to the Rawln Set, the RDF becomes a true tracking system which 

can provide position data for high altitude balloon experiments. 

The AN/GMD-1 Rawin Set is a transportable receiving type radio direction 

finder specifically designed to automatically track a balloon-b')rne radiosonde 

transmitter. Used In conjunction with an AN/AMT-ii radnsond? {at  equivalent), 

AN/,MQ-5 radiosonde recorder, or AN/FMQ-1 or AN/FMQ-2 radiosonde receptor, the 

lesulting rawinsonde system provides atmospheric pressure, temperature, pnd 

humidity data, as well as recordings of time versus azimuth and elevation of the 

ascending balloon. The standard Ra./ln Set antenna is a single dlpole with 

conical scanning and a seven foot parabolic reflector. 

The Rawln Set automatically tracks the balloon-borne l680 mHz transmitter 

to altitudes of 100,000 ftet or more, and to horizontal distances of about 125 

mil.»s  Azimuth and elevation angles versus time are printed out by the Rawln Set 

control recorder. A block diagram of this rawinsonde system Is shown In Figure 2.20. 



The AR/QMD-S Rawin Set is identical to the AN/GMD-1 with the addition of 

a ranging capability.    This,  of course,requires the use of a transponder-type 

radiosonde.    Range information is obtained by measuring the phase difference 

between the transmitted and received range signal.    A 7^.9^ kHz sine wave which 

is generated in the GMD-2 ranging attachment amplitude modulates a ^03 mllz ground- 

based transmitter which  is part of the Rawin Set.    This signal  is  picked up by 

the 403 BH* receiver in the transponder where it  is detected,   amplified and used 

to frequency modulate the standard l680 mHz (meterological data) carrier at 

7^.9^ kFz.    The  1680 mHz FM signal is received and demodulated by the PMD receiver. 

The Incoming 7^.9^ kHz signal is compared with the signal generated at the ground 

■at] the phase difference between tnem is a measure of slant range. 

The angular tracking accuracy of the AN/GMD-1 and AN/GMD-2 Rawin Sets 

is - 0.05°.    This is the maximum error between 10° and 60° elevation;  accuracy 

degrades at  higher or  lower elevations.    The range accuracy of the M/GMD-2 is 

- 23 yards or 0.23 percent of the slant   range,  whichever is greater. 

The WEPT 60 (Weather Bureau Radiotheodolitej Servo Corp.  of America, 

Model 4000)  is a commercial modification of the AN/GMD-series Rawin Set which 

employs a larger antenna and special design modifications to provide increased 

angular resolution and accuracy (- 0.03 RMS) at the expense of decreased trans- 

portability      Both the GMD-1 pni the GMD-2 can be assembled or dismantled by two 

trained persons   in less than one hour.    The equipment can easily be transported 

in a standard 1-1/2 ton ordnance trailer.    Being originally meant for field use, 

the GMD is easy to set  up,  requiring a minimum of siting and adjustment.    The 

WERT 60, on the other hand,  Is specifically Intended as a fixed semi-permanent 

Installation reqilring hard-mo.ntlng and protection of the ant?nn8 and pedestal. 

Of rpecial  importance to the selection of a tracking system is 

availability of ground eqiipment at GFE.    The AN/GMD-serles Rawin Set has been 

in the military inventory for almost ten years and should be easily obtainable 

as GFE for the high altitude blast generation program. 
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The entire spectrum of tracking systems is summarized in Table 2.k. 

This represents most of the more common systems currently available or in use. 

The major parameters to be considered in selecting the optimum tracking approach 

are;  Performance (angular and range accuracy); cost of purchase or use; avail- 

ability as GFE; compatability with free field instrumentation system; and 

transportabili ty. 

2.1A A.6 Summary 

The  flight  control La necessary to accomplish a programmed flight 

plan and provide flight safety in the conduction of the test. Tt is recommended 

that the AFCRL command system be used in its entirety.    The advantages are that 

the system has been proven in actual  field tests and that the command transmitter- 

receiver has been approved by the Wnite Sands Range Safety officers as being 

acceptable  for use on the  range.    Tracking in this approach is  by existing range 

radar equipment employing Deacon identification.    A beacon  is also employed  for 

tracking by the recovery vehicle. 

The AFCRL system also employs a Paiiosonde.    The unit is part of the 

payload and provider of both tracking and meteorological data. 

2.1.U.>    Flight Train and Package 

The proposed flight train is shown in Figure 2.21.    It consists of an 

instrumentation train,  the   command control and recording package.    It is recom- 

mended that  tte instrumentation train be made up of lA inch steel cable 

approximately  3C0 feet long.    Tr.e pressure transducers would be located along 

the upper 200 feet of this line (with shock absorbers connecting them to the 

cable),  spaced at predetermined intervals to pravide meaningfal date.    At the 

upper portion of tne line would be the connector of tr.■• time of arrival gnge 

(located inside the balloon) and the abort cutter wnlch would cut the tra;ri 

loose in case of an emergency termlnatior of the flight.    Tne transducer.; 

would be located in ftreamlined houclngs mounted directly to the line. 
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♦. 

The instrumentation package design is typical of that  used in balloon- 

borne experiments.    The package should be fabricated in the form of a box frame- 

work using aluminum angles as the main structural components.    The size of the 

box will vary depending QQ the type of components which will be carried.    It  is 

expected that the framework would be approximately 18 inches x 18 inches x 

32 Inches. 

The framework will be lined with styrofoam to provide thermal insulation. 

A 5 inch thickness of styrofoam is required to limit the Internal temperature drop 

to l+O*? from an initial level of 750F when subjected to an external ambient of 

-6^0F for ten hours.    The thickness  is based on an Internal mass of 180 pounds 

and no internal hea1"  being generated.    Therefore,  a more than adequate safety 

factor exists to accojnt  for heat  losses due to imperfections in the insulation. 

Since the Internal  equipment  can operate at much lower temperatures than specified, 

the package should Mtlly provide a suitable thermal requirement. 

At  each station or point of measurement, a pressure transducer mount 

(see Figure 2.22)    will be clamped to the load line in such a manner as to 

provide a minimum of disturbance to the air shock wave. 

2.1.4 6    Recommended Systems 

The Genlsco Tocnnoiogy Model  10-110, assembled Into an ifJG compatible 

system with record electronics,  reference oscillator and flutter compensation 

channel is recommended for the recording of data.    To obtain pressure-time 

histories,  the Schaevltz Bytrcx pressure transducer Is suggested along with ♦he 

Genlsco X amplifier "»o provide signal amplification to drive the recorder 

amplifiers.    An alternate Is the Klstler pressure transducer which would not 

require DC amplifiers.    Al^hougn redundant, a combination Klstler-Schacvltz 

system may be considered Initially to compare the two types  In the same environ- 

ment.    The respective transducer system costs would be $37,000, $33,500 and 

$40,750 Including Genlcco equipment. 
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A Radiosonde ($225)  is recommended to obtain meteorological data. The 

radiosonde should be compatible with the M/GMD-1 Rawinsonde system (GFE). With 

this approach, additional tracking is not required. However, if the program is 

to be conducted on a fully instrumented test range advantage should be taken of 

available radar tracking systems. 

Additional instrumentation system suggestions are: a three channel 

multiplexer for recording ambient, pressure and temperature along with the instru- 

mentation package temperature ($1600); a fiducial generator ($120); a programmer 

calibration generator ($800); and nickel-cadmium batteries ($600). 

The APCRL command and control system is recommended at an estimated 

cost of $8000. Ground station component costs would be an additional $3000. 

Additional items and costs are:  line cutter system; firing system ballast dump 

system; and Instrumentation train and package all for a total cost of $3700. 

The cost of personnel and equipment to support the instrumentation and command 

systems is estimated at: $800/'day for the FPS-16; $^00/day for recovery chase 

vehicles; $500 for a communications net and $150/man-day for nonbased personnel 

(U nominal). 

2.1.5 Recovery System 

2.1.5.1 Introduction 

Recovery of instrumentation packages from high altitude balloon experi- 

ments entails the use of recovery systems which are both reliable and add very 

little weight penalty to the overall payload. There are in existence a number 

of recovery systems which can conceivably be adapted to perform the recovery 

task. 

The idealized recovery system (aerodynamic decelerator) should have 

the characteristics of minimum deployment shock, minimum final descent or impact 

rate, maximum aerodynamic stability, minimum weight, and a high degree of 

reliability in the particular mission environment. Obviously, it can be seen 

that the foregoing characteristics must be optimized in each detail, to meet 

desired performance prescribed by the mission envelope. 
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The mission envelope,   simply stated,  calls  for local  and remote opera- 

tions to accomplish balloon filling and balloon/payload laonch handling.    The 

balloon and its  payload are then separated from all ground restraints,  after 

final weigh-off readings have been taken,  and the ascent to altitude commences. 

Gases contained In the separated fuel  and oxidizer cells of the tande-i shaped 

balloon are allowed to intermix upon disreefing.    Upon detonation of the 

explosive gases contained in the balloon,  the payload instrumentation/recovery 

system enter    a state of free fall.     It   is at this  instant that the recovery system 

senses   lynarmc pressure In its downward  travel and deploys the parachute which in 

turn inflates to its projected design diameter,  The descending parachute with the 

attached instrumentation package will  encounter increasingly denser atmosphere 

causing  It to continually decelerate until the design impact  equilibrium velocity 

has been achieved at touchdown.    The design impact  equilibrium velocity will vary 

slightly because it   it  calculated on the basis of standard atmospheric density at 

sea-level 

2.1   5.2    Recovery System Types 

The recovery system to be installed as an integral part of the payload 

train must be compatible with the design features thereon and not detract 

inordinately from +he lifting performance of the buoyant balloon.    It should 

also be adaptable in configuration so that  it car. be easily installed in the 

payload train which is suspended beneath the balloon while in flight.    The 

recovery system should not   interrupt the structural integrity of the continuous 

support   line which runs from the instrumentation package to the balloon load 

connector plate. 

Recovery system types which have been considered  under this program 

are the parachute,  the paraloon,  the paravulcoon, the Rogallo-wing,  rotor systems 

and the torroidal balloon.     Each of these systems have been used successfully in 

regard to their  particular performance capabilities and uniqueness of application, 

with the exception of the torroidal balloon. 
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The torrcidai   cailoor  wd;; devcloptl by GABD  for tr.e purpose Of   Landing 

ground penetrometer Instrumentation or the  L^nar Burfacej  under NASA contract 

RA8-9"37jl<    Thle device cc'jid conceivably be adapted to the payload recovery 

operaTlori,   However   It   would  require pnSUMktlC   inflation soon after detonation  of 

the  explosive gae   filled balloon      This would require  eitner  a sensing  element  or 

timing nechanisa to trigger a gas pressurised vessel to inflate the torroldi 

The inflated torroid Le then expected to drift to the surface and act as a 

pneumatic  cushion on ground   impact   or.   in the  ease Of a  water  Landlngi   un   imnoct 

cushion and flotation device.    Modele of the torroidal  balloon have been constructedi 

but   to date,  no actual   air  drop or  full  scale tests  have been carried out   to 

thoroughly qualify this  device   in the recovery  application. 

Rotor type  recovery  systems have  been advanced to a  point   where they 

are  Indeed  successful  and quite  reliable      A  highly  desirable  feature of the 

rotor systea is 1 r,at   it   IOCS  not   undergo high values   of opening shock when the 

rotor blades are  deployed.     Essentially  It   is meant to be a high  initial  velocity 

low opening shock recovery  device with potential  application in the area of 

manned space capsule deceleration upon atmospheric  reentry.    There would however 

be the problem of possiole payload line fouling of the rotor system If it were 

to be  used  in the  instrument atior   recovery  scheme. 

Tne Rogallo-wlng  is  basically a gliding device with a rather high L/D 

(Lift   to drag) ratio.     It. too has been proposed as a potential device for controlled 

space capsule reentry and  laming      This device would be comparatively inexpensive 

to manufacture depending  upon the degree of sophistication desired.     It  presents 

the disadvantage of extensive groand search recovery of the Instrumentation package. 

In addition, the Rogallo-wing requires a fairly stable location of the suspended 

load cent er-of-gravity  (CO.) beneath the  lifting Surface to accomplish stability 

in the pi+ch axis  of rotation.     This  constriction  of e.g.   location with  a   freely 

swinging pendular  load makes   pitch stability a  questionable proposition with 

possible wing stall  resulting  from +oo great   an angle of attack      In addition 

to  the pitch  stability problem,   the encumbrance  of mating the Rogallo-wing to the 

payload train would be  rather   unwieldlyj   especially when attempting the  remote 

launch  phase.     Ground  lamage COuld possibly occ^r,  disabling the recovery aspect 

of the experiment. 
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The paravalcGon Btteaptl to combine the features of a parachute and a 

hot air  balloon      IT  require.-   agnltion of a heat  source to warm the entrapped 

air in order to provide a degree of buoyancy during descent      The paravulcoon 

would be difflcj.lt  to control  remotely,  due to required regulation of the heat 

source In order to achieve a controlled descent rate,  which is the prime feature 

of this device.    .It? appucaMon to the recovery of balloon-borne payloads 

appear? ^o be impra'"+ical 

The paraloon whicr,   is  also referred to as a ballute or spherical 

decelerator is an inflated balloon which is girdled by an inflatable torroid in 

■••he region of its equator.     The  inflatable torroid in some configurations  is 

replaced with small scallops or parachute gores.    It was developed to perform 

under supersonic air  flow conditions and to act as a flotation measure for touch- 

down at   sea      Final -ouch-lown velocities using the paraloon,  are too high for 

consideration of its  utC in high altitude balloon instrumentation package recovery. 

The parachute is next   m  line of consideration.  To date, there have been 

many developments or modifications of the parachute to meet  certain behavioral 

characteristics of performance.     Recovery of tht instrumentation package from a 

gas detonation environment  aT   altitude with the constrictions of low  weight 

addition to the payload,  adaptability to form an integral  part of the payload 

train,   ease of manipjiation during launch,  and ability to achieve soft  landing 

velocities are attainable with the parachute.    Therefore the parachute is 

recommended a? a recovery system type 

2 1,5.3    Select ion of Parachute Recovery System 

In surveying the spectrum of typical performance characteristics of 

parachute canopy configurations,   one particular type appears quite suitable 

for the  instrumentation package recovery task.    This canopy is the 10 percent 

extended skirt   flat  circular type.     K is normally used for both personnel and 

cargo drop applications,   in addition to final stage recovery of aerospace vehicles. 

Nominal drag coefficient   (0     )  applicable to this canopy type range from a value 
0 of C.,    ■ 0,70 to 0.75    •    The diameter ratios for this canopy are D /D    =1.214*" 

Performance  Of And tbsign   For  Deployable Aerodynamic   Ifecelerators, Technical 
Report No.   ASD-TP-61-579,   December  1933    p.66. 
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and D /D =0.76  .  The foregoing ratios represent nominal diameter to constructed 

diameter and projected diameter to constructed diameter respectively.  Opening 

shock factor becomes a significant consideration if the parachute is ejected from a 

packed condition into a high velocity free-stream air flow. The opening shock 

factor (X) is determined from the expression: 

X = F /F 
o' s 

where 

F      -    opening shock force (lbs) 

F      -    snatch shock force (lbs. 
s v 

For the extended skirt  canopy an opening shock factor of 1.&*   is observed. 

2.1.5.^    Parachute Sizing Calculations 

2.1.5.4.1    Initial Conditions 

Parachute canopy size determination is basically dependent  upon the 

weight of payload to be recovered and the desired equilibrium velocity (V ) at 

impact. 

ht Total recovery system weight   (W.)  is the sum of the payload weig 

(W ., ) plus the parachute weight  (W ), 

Equilibrium impact velocity is largely determined by the design and 

weight of the instrumentation package to be recovered.    If the instrumentation 

package is to be retrieved with little or no damage to its contents,   it must be 

protected by well designed shock mounts or crushable shock absorption material 

on the exterior surface of the instrumentation capsule.    On the other hand, 

landing shock can be further attenuated by sizing the parachute such that the 

Impact equilibrium velocity will reduce the impact loading below the destructive 

g-Ilmits of the instrumentation package or its components. 

Assuming that an impact g-load limit  has been determined for the instru- 

mentation package or its most vulnerable component,,  an impact equilibrium velocity 

can then be determined to prevent g-loads beyond the destructive limitations of 

the retrieved Instrumentation, 

*   Performance Of And Design For Deployable Aerodynamic Decelerators, Technical 
Report No,  ASD-TP-61-579,  December 1953.   p.66. 
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2,1.5.4.2 Example Sizing Calcaiations 

In order that one may get a better understanding of the nominal 

parachute sizing procedure an example solution follows: 

1. Assume that a 200 pound instrumentation package is to be 

recovered at an impact equilibrium velocity of 19.2 feet-per- 

second at sea-level. Solve for the parachute nominal values 

of canopy load ratio, drag area, parachute area, and diameter 

using a flat circular 10 percent extended rkirt parachute 

canopy with an average steady state nominal drag coefficient 

c-,   = 0.725. 

2. The first  step in the solution is to solve for the canopy 

load ratio expressed as 

", "o'«!       (0.002378 i^)(l9.2fpS)
2 

V; ■ -r- ■ 2 = 0-^^ • 

3. The second step solves for drag area expressed as 

CD So =    ^    =     feligOO lbs) . L,56>3 ft2_ 
PoVe (0.002378 i^p-)(l9.2 fps)2 

0 ft 

4. The thin   step solves for canopy area expressed as 

So    ■    -—4-    -       (iHgOOJbsJ _     . 630  ^2 
CDo

Po Veo (0 725)(0.002378 lb"geC   )(l9.2 fps)2 

ft 

5. The fourth step solves for canopy diameter expressed as 

n      -    1^96   /    Wt       _    I.596 / 200 lbs         ft Do   '   v V'cT-T -   T^Tfps   I " r = 28-31 ft 
e
o Do    o V   (o.725)fO.002378^^) 

ft 
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6.       The  fifth step solves  for the construction diameter of 

the  parachu+e,   expressed as 

D      _-   A^    =    28^1ft    m 
c 1.2U 1.24- J 

The construction diameter  (D )  is the base dimension upon which the parachute 

manufacturer proportions canopy geometry in cutting gore patterns to the 

required size. 

2.1.5.^.3    Generalized Sizing Calculations 

The sizing relationships presented in 2.1.^.k.2    were expanded to 

provide a reasonable range of recovery applications with the objective of being 

able to determine canopy size required,  based upon varying magnitudes of system 

total weight,   final Impact velocity,  and canopy drag coefficient.     All generalized 

sizing operations were based upon sea-level conditions.    Tables   of calculations 

show the variation of sizing parameters,   using steps numbered 2 through 6 of 

2.1.5.^.2.    These tables reflect  the variation of sea-level equilibrium 

velocity versus canopy load ratio,   recovery system total weight versus canopy 

drag area at various values of canopy load ratio,  canopy drag coefficient versus 

canopy area for values of canopy drag area required,  and canopy nominal and 

construction diameters versus canopy nominal area. 

2.1.5,^.^    Generalized Graphical Presentation for Determination 

of Parachute Size    Required 

Tables   of calculations were prepared in graph form for convenience in 

determining the size of parachute canopy required.    The graphs,  numbered Figure 

2.23    through Figure 2.26    correspond to   these calculated tables.    Figure 2.23 

contains a shaded envelope indicating recommended impact  equilibrium velocities 

and ctnopy load ratios for personnel and air cargo recovery *. 

Example Ucing Graphs to Determine Parachute Size 

The example sited in the graphs is denoted by dashed lines and the 

parameter to be solved for Is denoted by the direction of the arrowheads on the 

*   Performance Of and Design for Deployable Aerodynamic Decelerators, Technical 
Report No.  ASD-TR-61-379. December 1963,   P.36U. 
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aashed lines.  Starting with Figure 22 3» assume that an instrumentation 

package designer decides thVt the package, which weight 200 pounds cannot be 

impacted at a velocity any greater than 19.2 fps, due to g loadings involved. 

In Figure 2.23 locate the impact equilibrium velocity V  = 19-2 fps along the 

ordinate  Reading over to the curve and down along the dashed line in the 

direct ion of the arrowheads 

w a 
■    O.U38 lbs/ft    on the abscissa. 

Do0 

Turning to Figure 2.2/+    on the ordinate at the 200 pound level read over to the 

curve 

W 
■—£-    ■    0.^38 lbs/ft2 (interpolated) v« 

and down to a value of canopy nominal  drag area of (V   "3    = ^57 ft   .     Now, 
o 

assuming that  the canopy type to be  employed  is  a  10 percent  extended skirt 

type with p nominal  drag coefficient  of Cn     ■  0.725,  Figure 2.25  can be used 

to determine the nominal area of the canopy.    Reading Cn    ■ 0.725 over to the 

curve Cn S    - ^57 ft     (interpolated) and down to the S    scale,  read a value of 
0 02 2 0 

S    ■ 63O ft   ,    With the value S    ■ 630 ft    located in Figure 2.26 along the 

abscissa read up to the Intersect!->■. of the nominal  and constructed diameter 

ccrves,  respectively,   D    and D  .     Reading over to the ordinate in the direction 

of the arrowheads  find D    =28.3 ft  and 1)    = D /l 2h = 22.Q ft.     The determina- O co 
tion of D    is the final  step in reading the sizing curves. 

Through the foregoing generalized sizing graphs,  it must be pointed 

out that only the Instrumentation package weight was considered as the value 

W..    This  is not quite true because W    is defined as the payload package weight 

plus the parachute weight   or Wt   - W      + W  .     Tt   is therefore necessary to determine 

the weight  of the previously sized parachute and resolve for the impact  equilibrium 

velocity (V    ) with the additional weight  of the parachute taken   into consideration. 
eo 

Figure 2.27 is a plot   of D    versus W    for various types of materials  used in 

parachute construction.     In the preceding paragraph D   was found to be 28.3 ft. 

Reading along the ordinate in Figure 2,27 locate D    - 28.3 ft.    Following the 
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dashed line in The direction of the arrowheads three material curves are inter- 

sected. The carve which delivers the heaviest weight of parachute f<. r a nominal 

diameter D ■ 28.3 ft will be used.  This weight W is approximately equal to 

21 pounds.  Therefore the total recovery system weight W, would be equal to the 

payload package weight W , of 200 pounds plus the parachute weight W of 21 

pounds or a total recovery system weight W = 221 pounds. This change in 

weight would increase the canopy load ratio thereby causing an increase in 

touch-down velocity. The increase in velocity at touch-dowi: is found by the 

following expression: 

/ ?t   2     /    221 lbs 2 ^ -.. „ 

%     NV*     ^       V (0.725X630 ft2)       {0QO237Q IbW'j 
ft 

The additional weight of the parachute when combined with the payload package 

weight has increased V tTOm 19-2 fps to 20.17 fps or a net increase of 0.97 

fps which is negligible. 

2.1.5.5 Geometry of the Flat Circular 10, Percent Extended Skirt 

Parachute 

The inflated shape of the flat circular 10 percent extended skirt 

parachute is largely determined by gore geometry. The reference "flat circular" 

implies a canopy of n number of gores, when assembled, would lay flat on a 

planar surface. The reference "10 percent extended skirt", refers to an extension 

of the gores at their base, a distance of 10 percent D or 10 percent of the 

constructed diameter which was calculated in the step numbered 6 of 2.1.5.4.2. 

Figure 2.28 illustrates the recommended gore geometry of the flat circular 10 

percent extended skirt parachute. It is to be noted that all dimensions are 

based upon the constructed diameter D . Suspension line length is denoted as 

L and the value n denotes the number of gores comprising the entire canopy. 

The gore area is that which is enclosed by the heavy lines in Figure 2.28. The 

area below the skirt line composes the extended skirt portion of the gore. 

S8 



2.1.$.6   Pargcfaütg 3ost Iva^xatloi 

Cost   LnfonMtlOO  with  regard  to  type of paracnute referred  to in 

thll report   appear.;  In Figun 8.29«     Tms  information li presented  in  the  form 

Of a curvt  of parachute  coti   vertUi  parachute  constructed  diameter.     The  cost 

information  ll  Dased upD",  19^7 manufacturer  J  CMt quotations  to the customer. 

2 ,2    Iggt   Si te  S-or >/ey 

There  Ls  an   dbvlOUl  necessity  to ensure maximum safety in  conducting a 

progran involving,  higta yield explD.;.ave  gas mixtures.    The problem of safety 

la further complicate,!  cy the use of a free  floating oalloon.    The most 

desi racle  Location  for contacting such tests would have to provide a hign 

probability Of clOudlOISj  low ground wind  days, no population or structures and 

comply with  the  FAA   regulations'   encountered  in the continental United  States, 

2.2.1    j-eor/rapn. ;M1 Consideration* 

These factor.-, would Lndicata that  the  ideal location for performing high 

altitude SLED IE   field  tatts  VOUld be  over water using a naval vessel as  a 

launcn,   tracking,   and   recover:-ig  vehicle.     The launch vehicle would undoubtedly 

he an LST  or equivalent.    Although expensive  to operate,  it  offers many 

advantages.     During  launch,   the LSI   can  be  headed in a direction to neutrali/e 

the wind  effacta      An  LSI  can he equipped vitb  tracking and  communications to 

monitor and  control   the flight phase of the program and can base launch recovery 

vehicles.     The major disadvantage Of uaing an LSI would be the cost of operation 

and difficulty of af quiring this type  of  facility for this purpose. 

A  remote Pacific  island  could te  a potential  test  site  offering about 

the  same advantage-;  as  an  LSI.     Mind  effects  during launch cannot be  compensated 

for.    But   wind., are ganarally  >f a predictable velocity and  compensation from 

ground wind  effects  can be provioed.     The  operational costs WOUIQ again be 

higher when   one  eOnsidara  transportation  of personnel  and  equipment   to  the test 

si te 

* Moored Balloons, Kites, Inmanned Rockets,  and Unmanned Free Balloons; 
Title  Ik Chapter  1,   Sutchapter ,F,  Part   101, 
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Operation in the continental United States woaxd almost certainly require 

the tests to be performed at a fully instrumented range where an effective range 

safety system has been established. Also the test site should be relatively 

large to accommodate the balloon flight. Several bases exist which meet these 

requirements, Eglin AFB, Florida, Edwards AFB, California, Nevada Test Site, 

Nevada, and White Sands Misi-ile Ranfo, New Mexico. These bases, with the 

exception of White Sands, are oriented toward different missions and are not 

likely to be available to support the high altitude SLEDGK program. 

2.2.2 Meteorological Support 

An important factor in balloon launch is the forecast of weather, particularly 

winds, both on a 2U hour basis and immediately proceeding a launch. The type 

of meteorological data (vertical information on transient air cell over prospective 

launch site) required are: Temperature vs. altitade; barometric pressure vs. 

altitude; wind direction and velocity vs altitude; precipitation (rain, hail, 

etc.); cloud ceilings and percent obscurity of clouded sky; tarbulence, icln^ 

levels; and visibility. 

The above items are the basic weather phenomena having a direct effect on 

the balloon launch and flight operations. 

Due to the rather delicate nature of balloon launch conditions required, 

t he ideal operation would be conducted under absence of any winds from the surface 

to detonation altitude accompanied by unlimited visibility. This i Jeal meteoro- 

logical condition rarely exists, therefore the minimum winds and maximum visibility 

conditions available wuMi  to   iccepted, 

In order to p^n and initiate launch operations It becomes necessary to have 

access to meteorological forecast data. Every six hours the United States Weather 

Bureau's Aviation Forecast Centers prepare detailed flying weather forecasts for 

12-hour periods for about 385 air terminals in the United States includirg Alaska 

and Hawaii. In addition, 2'4--hour terminal forecasts are provided for about 120 

major airports throughout the country. Every six hoars a detailed 12-hour area 

forecast is prepared for each of the 29 areas into which the continental United 

States has been divided for forecasting purposes. 
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Ali 'Jnited c'^te- Weather Bjreau Flight Service S+ationf having voice 

ffcellitiei on continuously operated radio ranges or radio beacons broadcast 

weather reports at l'j  and ^0 minutes pas"' each hoar. The U^-mlnnte past the 

hour broadcast If an "airway" troadcast consisting of weather reports from 

important terminals located on airways within approximately UQO  miles of the 

broadcasting station. Tne  15-minute past the hour broadcast is an"area" broad- 

cast consisting of weather reports from th« stations within approximately 150 

ml lei of the broadcaf ing station 

At each statior, the "al i-way" broadcast Is as follows: Alert notice 

announcement; SIGMET (Significant Meteorology) or advisory for light aircraft 

(if available); PIFFPS (Pilot reports) when available; Radar reports (if avail- 

able); aviatior weatner; flight Information - any nonmeteorological Information 

not a parf of a weatner report bj+ which requires broadcast; additional special 

-weather rrport? am some NOTAM'S (Notices to airmen) are broadcast off-schedule 

upon receipt; winds aloft forecasts are transmitted only on request. 

The U.S. Weatner Bureau operates a 97-station network of weather radars 

which are operared continuously if any precipitation capable of being detected 

is present or expected. These stations are generally spaced in such a manner as 

to enable them to detect and identify the type (snow, rain) of most of the 

precipitation east of the continental divide. 

If any weather is detected, a scheduled radar observation is taken at ^5 

minutes past each hour ; more often if the characteristics (speed, intensity, etc.) 

are changing rapidly,   These observations arc transmitted to U.S. Weather Bureau 

and fM  Stations and are available for use in pre-flight and In-flight planning. 

In addltlonj an hourly radar sammary and a three-hourly radar summary facsimile 

Chart] are prepared by tne Radar Analyses and Development Unit in Kansas City, 

Missojrl.  The hourly ralar summary Is transmitted on Service A teletypwriter to 

all LT.S, Weather Bureau and Flight Service Stations, and the radar chart is 

available to ill subscribers to the facsimile network. A map of the continental 

radar reporting network is shown in Figure ?.30. 

61 



2.2.3 Weather Input to Balloon Launch Operations 

If a land based operation is selected, the nearest USWS Flight Service 

Station will provide metro prognostications and upper air soundings. Sea 

operations can acquire metro data from radio broadcasts to water borne commerce. 

In addition, an aerological measuring set such as the AN/PMQ-5 from the Bureau 

of Aerology, U.S. Navy, should be obtained for emplacement on-board ship or 

at the launching site. Figure 2.31 shows the possible methods of metro data 

relay to the launch sites. The AN/PMQ-5 is a manually operated portable 

meteorological station weighin l^-l/2 pounds.  It measures atmospheric pressure, 

temperature, relative humidity, wind direction, and velocity. This unit is 

manufactured by the Bendix Frieze Company and is similar to the AN/PMQ-^ 

manufactured by Kollsman. 

The Radiosonde is the most widely used instrument for obtaining upper air 

data. These balloon-borne equipments carry pressure, temperature, and humidity 

measuring devices and a radio transmitter for telemetering the information back 

to ground.  (See Section 2.1.^) 

In the event that operations are conducted at a m'.ssile range, a complete 

local meteorological facility is available to provide on-range weather predictions, 

2.2.k   Tracking Equipment 

The importance of tracking facilities has been discussed in Section 2.1.^. 

Several information sources were reviewed to determine instrumentation and 

tracking i'a'cxli'ties at potential launch sites. The following table summarizes 

the results of the review: 

Location 

White Sands Missile 
Range, New Mexico 

Eglin AFB, Florida 

Range Instrumentation 

M/FPS-16 Radar; 
AN/GMD-1 rawin setj 
AN/AMT-^B radiosonde; 
AN/AMr-15 radiosonde 

"satellite tracking 
facility" 

AN/FPS-16 radar 

Comments Reference 

balloon borne    (l), (13) 
radar reflector 6" 
diamater; ambient 
temperature - 53^ 

also Santa Rosa  (2) 
Island data 
facility 

(7) 

* List of References at end of this report. 



Local ion Range Instrumentation Comments Reference 

Wallops  Islanl Station,    AN/FPS-16 radar; 
Virginia  (NASA) 

Weather Bureau 
Station, Cape Hatteras, 
North Carolina 

Kwajaleln Atoll, 
Marshall Islands 

NASA Mobile Launch 
Platform, NSTS Croat an 

Holloman AFE, 
New Mexico 

Cape Kennedy, Fla. 

Point Arguello, Cal:f. 
(Western Test Range) 

MB Nevada Test Site 

Chico, Calif. ^AFCRL) 

Palestine, Texas 
(NCAR) 

Pt,  Mugj,  Calif. 
(Pacific Ml-sile Range) 

Fort Churcnill, 
Manitoba,  Canada 

radar Is  equipped with 
digital  readout. 
SCR~58il radar; 
SCR-58^-Mod II radar 

SP-1M radar 

TRADFX tracking  radar; 
IBM 7090 computer 

AN/FPS-lC radar; 
cinetrieoaolites; 
radiosondes 

AN/FPS-16 radai ; 
AN/GMD-iP rawinsonde 

Rawinsondes 

ballistic cameras 

(3) 

adjoins Vandenberg 
Air Force Base 

(3) 

(*) 

(M 

(5) 

(6),(3) 

(9) 

"FAA and USAF radars" (10) 

(12) 

"^-channel digital NCAR Balloon Test (11) 
command telemetry Facility 
sys-'enT 

AN/FPS-lo radar (IM 

DOVAP \ racking; (15) 

It  Is evident  that  tl-,e most  common tracking radar Is the AN FPS-16.    This 

high precision tracking pystcra Is available at most  instrumented test  ranges. 

Also the AN GMD series of radlosonae'directlon-flndlng systems also seems quite 

common. 
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2. c.'-,    Recogggndcd lest Sitg 

A  cursory  study  of possible  test   sites  was  conducted  as  part  of ttus  program. 

It is  recommended  that  tne Whi'e ?and.-. Missile Rang^,  New Mexico,  oe utilized  for 

tne initial  development  phases  of the High Altitude Blast  Generation System. 

This  site was  selected  for initial  tests because  of location,   facility support, 

and  ability to meet  the  safety requirements  for High Altitude Blast  Generation 

System tests,    Alt-ougn  otr.er test  sites mentioned previously would  satisfy the 

requirements of a High Altitude ?LED'JE System,  they were disregarded because the 

scope of   tneir mission would not  include tests  of tms  type.    The Air Force 

Cambn ige Research laboratory has  performed  a similar survey as part  of the 

BANSHEE program and concurs  with this recommendation. 

As  tne High Altitude Blvt  Generation System becomes   operational,   it may be 

neres.-ary to cor.^i jer more remote locations,  than the White Sands Missile Range. 

Wnatever tne program objective may be at that  time it  is recommended that a 

remote Paciftc isiand be considered as a transition from the development stage 

to a f\.liy operatio.-.al  system.    Kwajalein atoll, in the Marshall Island*, appears 

to be the best suited location. 

Tre fully operational requirements of a High Altitude SUDGl system dic«.atei 

f-omplete mobility.    For the fully operational system it is rtcoaMndeJ that 

field tests be conducted over-water using an LST. 

The field test ost« voald be lovot  for White Sands Niütilt Bange and 

progressively higher for Kw«jaleln and over-water operations.    The«« qjalitattv« 

cost estimate* were xtained vltnout  regarding th« «v«i Ubi It tjr of reco—iiid«i 

t««t sit««     Quantitativ« cost estimates ani t««t alt« availability would hav« 

to be  determined at HH »ime sp«cific informatian concarnlng t««t «ctwAiltng 

was avaiiaMe     Howewr.  for crjjgetary p^rpot«« it has b««n «ufg««t«d by AFCRl 

a Fr«limin«ry coat of $30,000 p«r «want t« cor.sid«r«d for initial taau at 

Whit« Sands Mi sail« Bang«. 
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i'iF:·vr MMENIJ/\T f~'>N:~ ------------

dct.)rJa·t·le ga:;c,~ cor.u...tned Jr, t:ul.loon:~. TltC't'e 1~~ 11owevvr·, !'"ttt't!Jer· ..Jevclop·· 

menr_ trt&t mu :t. nc &c···ornplu.;hc.J lJefQr•:> ;m openHional ::ystcrrl ot' t..I,Ls type· .~ru, l>e 

realiLc•·L Tt·,e f').l.,)Wl:11! JI'C:L'Jfi,· ta.:r-.::: are r·e<.'·)mrnenued for fut'tlre WJr'J.:. .. 

::v.-:tem anJ f'urtt.e:r· 1 nve:>tlgate tlJ•)SC' rn·eas of' material~:, tc~lmiq_ue::: and (.'JIG 

Jynami cs wiJCre more ·:letR1le.J analysi,; :is req_ui red t0 ven f'y the val1 ·Ji ty of' 

approacrl. 1 L: :5 W·)·,,l·j ir,clude experimental te::>tS ~0 determine i r the gM:es' 

wni ch are im tld.lly phytncally ~~eparat.eJ, form a homogeneouD detonable 

mixture Junng as(·ent t·') altibl'Je. 

2. Perform fli gt,t sy,aen, te:::t::; t.) prove U1e de::agn an·j performance ndeq_uacy of 

the balloon, gro·und launch ,:ystcm, flight system and associated operational 

techniq_ues using heli\Hll in pla·~e of the f'uel gas. 

3 Perform a 20 ton ga.: •Jetonat1 on at ')0 ,000 feet to demonstrate full system 

performance 1n ttte r:jmulation ·)f larc.e cxpl·x;ive detonations at high 

nlti lude,~. 

!.l., :onduc:t flJ~r,t te,;ts w1tL ·bor..h mete)nl·)r,ical and Sl.ED'JE-HI balloons to (l) 

esta·oli .-:t1 the metL<Jr::>logH·al feasft:1 U ty of accompli shine; the required» 

balloon operations at the Kwajale1n Test Site (KTS) and (2) gain experience 

1n 11anJlJnl'. lor:L~tic pr·oblcms 1nvolvcrJ 1n ncr.·ompli.::>hinc; <-ryoc;cnic operations 

in the re~ote KrS area 

5" Pr )Vldc tr1e sr1ocr.. envJ r')nntent oy means 0f a 20 ton det·)nati on at 50,000 feet 

for a blast intercept experiment with a missile and document and explosion 

cnv1 r::>nntent;, 
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